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Zirconium offers a combination of 
useful properties very attractive to the 
nuclear engineer. 

With high mechanical strength, low 
neutron absorption and good 
compatibility with uranium as natural 
assets, zirconium can be alloyed to 
provide in addition good corrosion 
resistance to water at high temperatures, 
or to carbon dioxide. 





THE SPECIALIST'S ANSWER TO A SPECIALIST'S PROBLEM 


1.C.1. Metals Division, intimately 
concerned with the metallurgical 
problems of nuclear engineering 
since the inception of the industry, 
is Britain's largest producer of 
wrought zirconium. 





B j / 
y first in nuclear metals 
iq lf Ff wren CHEMICAL INDUSTRIES LIMITED, LONDON, S.W1. 
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STANDBY 
GENERATING SETS 
with automatic starting 
FOR ATOMIC 
POWER STATIONS 













< 
7 


oti" “hk ie e we 


jee = ia 
ee eh 

¥ ) Within a few seconds of receiving the 
oa starting signal and without manual attendance, these 
Mirrlees oil-engine sets will carry full load, providing a reliable 
auxiliary and standby supply for atomic power stations and 
other installations where it is essential to forestall breakdowns 
and serious loss due to cessation of mains power supply. 
The Mirrlees J and JV Types of engine cover a 
comprehensive series including 3, 4, 5, 6 and 8-cylinder in-line 
engines and 12 and 16-cylinder vee-form engines. 
All can be offered in naturally aspirated or turbocharged form, 
the latter with or without air aftercoolers. The power 
range extends from the 210 BHP J3 three-cylinder naturally 


die sels aspirated up to the 2272 BHP JVSS16 


sixteen-cylinder turbocharged engine with air aftercooler. 


——l 





MIRRLEES, BICKERTON AND DAY LIMITED 


HAZEL GROVE ’ STOCKPORT ; CHESHIRE 
4 member of the HAWKER SIDDELEY Group 


Telephone Stepping Hill 3841 14 lines) Telegrams : “Mirrlees Telex, Manchester” {€ 12a 
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ESTON 


MOVING COIL 


RELAYS 


The simplicity and reliability of relay control 
for a wide variety of applications has led to 
the ever increasing use of Weston Moving 
Coil Relays. Let us have a note of your relay 
problems and we will be pleased to advise on 
the most suitable model for any set of con- 
ditions. Enquiries should, if possible, be 
accompanied by full particulars of both 
control and local circuits. 
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Illustrated is the Model $170. Other types include the 
Model $124, a magnetic contact relay which operates 
with a minimum power input of 0.004 microwatt 
and the Model S115, a miniature relay, which 
functions as an “on-off” switching relay. 


SANGAMO WESTON LIMITED 
ENFIELD - MIDDLESEX 


Tel : ENField 3434 (6 lines) & 1242 (6lines) Grams: Sanwest, Enfield 


Scottish Factory: Port Glasgow, Renfrewshire, Port Glasgow 41151 
Brinches: London, CHAncery 4971 Glasgow, Central 6208 Manchester, Cencral 7904 
Newcastle-upon-Tyne, Newcastle 26867 Leeds, Leeds 30857 ~- Liverpool, Cencral 0230 
Wolverhampton, Wolverhampton 21912 Notzingham, Nottingham 42403 Bristol, 
Brisco! 21781 Southampton, Southampton 23328. 
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CREAT BRIDGE-TIPTON-STAFFOROSHIE 









PHILIPS 


quality controlled 


STRAIN GAUGES 


examples from a range wide enough 
to cover all applications 
























Philips Strain Gauges are supplied 
in packets of twelve matched gauges 
— a unique feature which ensures 
consistent results in use. For 
Philips Strain Gauges, designed 


= 2 by specialists, are in large scale 
! 





production in a unit devoted solely 
to this manufacture. Rigorous 


quality-control makes sure of 








PHILIPS accuracy, consistency and reliability. 
* ° oge ° 
s— The wide range of Philips Strain 
PROZIO Gauges covers every application, 


and the recently introduced 


high temperature series have 





opened fresh possibilities. 


Wo OTHER STRAIN GAUGE 
7S MADE WITH SUCH PRECISION £ 


PLEASE WRITE FOR LITERATURE 


GJ sue vivo ~ RESEARCH & CONTROL INSTRUMENTS LTD 


Tete in U.K. Instrument House - 207 King’s Cross Road - London W.C.1 
Electrical Led. Telephone : Terminus 8444 
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4 TAYLOR- 
HOBSON 


MICRO \ALIGNMENT TELESCOPE 


Used by the United Kingdom Atomic 





Engineering Research Establishment in the 
construction of Experimental Nuclear Re- 
j , actors and the associated Projects ZETA, 
BEPO, ZEUS, ZEPHYR, DIDO and PLUTO. 
Also used by the leading manufacturing 
groups in the construction of Nuclear Power 


Stations, of the Power Supply Plan in Great 


N 


Britain. 
x“ PROTECT PERSONNEL with Kershaw 
é a Fi 
A. Dosimeters as supplied to the British 
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RANK PRECISION INDUSTRIES LTD 


TAYLOR TAFLOR & HOBSON aa oe ss ESEVESICGR., ENGLAND 
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are pleased to announce that they have 


been awarded contracts for supplying 


batteries and associated equipment for 


HUNTERSTON 


(Sub-Contract from the General Electric Co. Ltd.) 


BRADWELL 


(Sub-Contracts from The Nuclear Power Plant Co. Ltd., and A. Reyrolle & Co. Ltd.) 


Tudor have also supplied batteries and associated equipment 
to the following nuclear power stations: 


- 
CALDER HALL ‘A’ (Supplied under sub-contracts from: 
CALDER HALL ‘B’ A. Reyrolle & Co. Ltd. 


The English Electric Co. Ltd. 
CHAPEL GROSS Brush Electrical Engineering Co. Ltd.) 
DOUNREAY 





Specialists in battery work for nuclear power stations 





THE D.P. BATTERY COMPANY LTD., BAKEWELL, DERBYSHIRE 
TELEPHONE: BAKEWELL 8I 


T.170 
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A COMPLETE PRECISION & PROTOTYPE 
NUCLEAR ENGINEERING SERVICE 




















anti-vibration 
mounting 








lifting mechanism 
<4 drip 
- tray + 
reactor 
assembly! SL Photo by courtesy of A.E.R.E. 
rotar: 1 | 
pump s ‘ A SUITE OF GLOVE BOXES FOR EXPERIMENTAL PRODUCTION OF U-233 METAL 
high ' cooling @ Consulting @ High vacuum 
vacuum ~) « f unit engineers equipment 
union Fx crushing 
35ton unit @ Designers and @ Electronic 
furnace vess manufacturers of engineers 
nuclear and specific @ Radio frequency 
SCHEMATIC OF pr ee equip- engineers 
men 
radiation Shield THE GLOVE BOXES 
assembly @ Remote 3 pa temperature 
Drening ly manipulation refrigeration 
—s NUCLEAR POWER equipment 
€ Vacuum casting @ Installation 
@ equipment contractors 





7 
WESTERN Y DETAIL MANUFACTURERS LTD 


WESTERN WORKS, STAPLE HILL BRISTOL telephone 65-6141 /42/43 cables and telegrams: Aries, Gristel, England 
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Quit ex 
BELLOWS 


including precision barometric 
units, with closely controlled 
spring rate tolerances). 

For use in gas and fluid 
ducting systems for control of 
expansion or contraction, 
and to allow for misalignment. 
Other uses include shaft 
seals and glands. Available in 
stainless steel and other metals. 











specify AVICA 
| AVICA a EX) . . 
flexible assemblies 
STAINLESS STEEL FLEXIBLE 
PIPE ASSEMBLIES and com ponents 


For conveying gases and 
corrosive fluids at 
temperatures from —196°C 

to as high as 450°C. Available 
from 4” up to 4” diameter. 


Where pressures or temperatures reach unusual extremes and 
vibration may be severe, take no chances—insist on AVICA pipe 
assemblies and components. Tested and proved by 20 years of 
service and used by the U.K.A.E.A. and throughout the nuclear 
engineering field, AVICA products are renowned for absolute 
dependability. Any problem of piping design or installation 

can safely be entrusted to Avica engineers. 








RIGID TUBE COUPLINGS 


With mechanically attached 
V Flange or bolted flange 
connections. No welding. 

No brazing. Leak-proof. 
Pressure tight. Will withstand 
extremes of temperature 

and vibration. 


SYNTHETIC RUBBER 
FLEXIBLE PIPE ASSEMBLIES 


Used to carry petrol, oil, air, 
steam, hydraulic fluids, for 
machine tools, hydraulic 
presses, mining equipment, 
at pressures up to 3,000 p.s.i. 
Size range 4, °“—2”. 
Temperature range 

-40°C to 160°C. 








SWIVEL PIPE COUPLINGS SUPPORT CLAMPS 
To provide rotary or angular 
movement in rigid or flexible 
pipe systems. in pipe sizes 
up to 1” for pressures up 

to 4,000 p.s.i. 


To hold piping and electrical 
cables. The rubber cushion 
absorbs vibration, can be 
renewed when worn or 
perished. 











Illustrated leaflets describing the full range of AVICA products are 
available on request. Please write for those that interest you. 


IGNITION HARNESS 


Electrical wiring protected 
by rigid or flexible conduit 
from heat, oil, moisture 
and vibration. 





tee 


AVICA EQUIPMENT LIMITED 
MARK ROAD, HEMEL HEMPSTEAD, HERTS 


Telephone: Boxmoor 4711 Cables: Avica Hemel Hempstead. 
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r accurate alarm and early warning 


Fw tA choose the All Transistorised 
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Radiation Level 
Monitoring 


Thermocouples 
lon chambers 
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Vacuum Photocells 


Coolant Temperature 
Alarm 


Temperature Alarm 
Tacho generators 


Laboratory 
Applications 


fA completely transistorised . Temminchem ein shes socrmnmbbet = YN 
A on/off alarm which gives 2. Difference between main alarm set point and input . 
j/ ehensd fnlentien of Ge input variable is indicated on an edgewise meter. ; 
2 3. An “early warning” alarm can be preset to operate 
variable over a preset range between 10% and 100% of the indicated range thus 
: . giving early warning of an impending fault. 
prior to the set point. Indicated variable may be displayed remotely if required. 
5. Miultiplicity of output relay switching arrangements 
available for both main and “early warning” alarms. 
6. Hermetically-sealed relay contacts adequately rated for 
normal switching loads. 
7. Latest transistor and printed circuit techniques—no 
fragile or moving parts. 
8. Failure of indicator or marginal amplifier does not 
affect the action of the main alarm section. 
Send for fully illustrated specification No.E12-11 9. Fail to safe design. 
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INSTRUMENTATION 


keeps in step with nucleonic needs 


RADIATION 


MONITOR 
Type 255 


% Transistorised, battery op- 
erated, portable. 

% Laboratory accuracy under 
field conditions. 

% Wide range of probes and 
accessories available. 









Airmec are proud to be the first to 
announce a fully transistorised monitor 
which combines laboratory accuracy 
with complete portability. The uses + 
include : / 









RADIATION MONITOR Type /02/ 8 


% SAFEGUARDS against contamination. 















1. Checking the presence and amount of radio-active con- 


% TRACES radio-active material in chemical tamination in laboratories and workshops. 
analytic processes. 2. Checking atmosphere ‘fall-out ’ and c2ntamination of 
% MEASURES contamination of any result- food, animals, crops, milk ans a supplies, etc. 
ing effluent. 3. Following the progress of radio-active tracer 
elements in medical, geological, agricultural 
Designed in conjunction with A.E.R.E. Harwell, this and industrial processes. 
instrument is probably the most widely used general 4. Tracing the whereabouts of radio-active 
purpose monitor in the world. It has been PROVED areas and making accurate assays of 
by years of user experience tc be the most accurate samples in geological surveys. fi 
and reliable equipment of its type. 5. Tracing lost samples of radio-active LN 
The Radiation Monitor consists of a mains operated materials both in buildings and out. Z te —— 
Indicator Unit together with a Beta Gamma or Alpha ‘ _——— 


Probe Unit. Indication is provided visually by means Write for descriptive 
of a meter which is calibrated in counts per second, leaflet No. 177 
and audibly by means of a loudspeaker. A socket on 
the front panel is also provided to enable the output 
to be fed to a scaling unit. 

Write for descriptive leaflet No. 26D 


giving full details. : wg a: Cee P 


GENERAL PURPOSE COUNTER Type /339 A 


%* Designed and developed in conjunction with U.K.A.E.R.E. 

* Provides comprehensive scaling facilities for all types of Geiger Scintillation 
Counters. 

* Incorporates stabilised E.H.T. supplies. 

%* Fitted with automatic timing control. 








\ \ This equipment is built on a unit basis and provides very comprehensive scaling facilities for all 
\ \ types of accurate assay work. It consists of two main units —a Power Unit and a Scaling 


NG together with a number of optional sub-units. These include a Quenching Unit, a High 


INSTRUMENTS FOR THE 
NUCLEONIC INDUSTRY 


Full details are given in descriptive leaflet No. 185 
AIRMEC LIMITED - HIGH WYCOMBE Wille ce acemcne _— 
BUCKS ae 





Speed Scaling Unit, an Amplifier|Discriminator Unit, a Paralysis Unit and a Timing Unit. 







Telephone : High Wycombe 2060 oa 3 ———— 
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SPECIAL STEELS 
FOR NUCLEAR POWER ... 


One of the 
most essential characteristics implied by the expression ‘high quality’ is 
reliability, and the construction of nuclear power plants ranks high amongst 
those advanced engineering projects, where any doubt concerning the materials 
of construction cannot be tolerated 
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Hadfields have contributed in the provision of high quality jf ‘on 
alloy steels to meet the demand of reactor designers and the 
“Era’’ series of Boron Steels was developed to satisfy the special 


needs of neutron absorption for control purposes. These steels 
are also used for special shielding applications. 


Hadfields have made the Control Rods for Calder Hall and 
Chapelcross Stations of U.K.A.E.A., incorporating ‘Era Boron 
Steels” and ‘‘Era H.L.C.” special Low Cobalt Stainless Steel. “Era 
H.L.C."’ Steel has also been used in the production of a number 
of other reactor components and is of the 18’8 Stabilised type. 






Pressure vessel and heat exchanger forged flanges are made in 
special “Era C.R.” and “Hecla” Steels, and a large number of 
small castings can be produced in our foundries which are 
specially equipped for this class of work. 
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HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND. 
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By courtesy of: 
U.K. Atomic Energy Authority and 
Babcock & Wilcox Ltd. 







Control desk for the 
Babcock Mechanical Handling plant 
at the Atomic Energy Power Station at Chapelcross 





at Chapelcross 


E.M.B. Control Gear especially with 
MICROsen A.C. Speed control unit 
is being used to an ever increasing 


extent for Atomic Power Stations. 


If the conditions are exacting there 





you will find E.M.B. equipment 


giving excellent service. 


E.M.B. Co. Ltd. isc 
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is actively concerned in the supply of equipment and material 
with special application to the Nuclear Power Industry 
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Primary and Secondary surface 
heat exchangers, Condensers, 
Air and Gas coolers, 
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40 to 400 MW 
per reactor 


Nuclear power stations with electrical outputs 
ranging from 40-400 MW per reactor can be designed and built 
by the G.E.C. in any part of the world. 
The reactors, which are based on the well-established 
Calder Hall design, have been made wuanttite by 


intensive research and development work at the 


Erith headquarters of the G.E.C. Atomic Energy Division. 





en Fe ed . 
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A285 A single-reactor nuclear power station designed by the G.E.C. for the European market 





THE GENERAL ELECTRIC COMPANY LIMITED -: ERITH - KENT - ENGLAND 
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Industrial 


WA BRIGHOUSE 


INCLUDING THE NIMONIC.. 
RANGE. STAINLESS. 
STEEL; NICKEL, “—~. 
TITANIUM, LOW ~~ 
CARBON STEELS AND 
AW OY STEEEE 


ILLUSTRATION SHOWS A FABRICATION IN 2. ¥8 AND I 
ALUMINIUM PLATE SPEC N6., WELDED BY THE ARGON 
ARC AND ARGONAUT PROCESS 
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BURNLEY AIRCRAFT PRODUCTS LTD 7 








INDUSTRIAL WELDED FABRICATIONS DIVISION 


Fulledge Works — _ Burnley —_ Lancashire — __ England 
Telephone : 3121/2 and 3203 Burnley (3 Lines) Telegrams : “Aircraft” Burnley 
INDUSTRIAL FABRICATIONS DIVISION: Grosvenor St. Stoneyholme, Burnley. Telephone: 3184 





AIRCRAFT REPAIR DIVISION: Britannia Works, Queensgate, Burnley. Telephone: 4102 
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Movement of pipe work under modern high-pressure and 
high-temperature conditions is absorbed efficiently by 
TEDDINGTON BELLOWS EXPANSION JOINTS. 
Teddington Bellows are of highest quality stainless 

steel, flawlessly butt-welded to ensure perfect 

uniformity of wall for maximum durability. 

Normal production ranges from | inch to 7 feet diameters and 
larger sizes can be made. Your expansion problem can be 
solved by our experienced engineers who are always available 
for consultation and recommendation. 


eo. : ' ial 
So Send for our descriptive brochure No. R122 


Teddington Bellows are produced in technical collaboration with the Folar Aircraft Co. _& 


UG ds TEDDINGTON BELLOWS 


TEDDINGTON AIRCRAFT CONTROLS LTD., INDUSTRIAL BELLOWS DIVISION 
AMMANFORD, CARMARTHENSHIRE. Telephone Ammanford 455 
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tailor-made to each job! =O Moe) 


MULTIRAIL fabricated steel handrail standards 
have proved to be as rigid as the solid forged type, with 


the advantages of four ferrules vee: 
vacant ferrules to be used in Tad 
carrying power lines, air | 


and gas pipes, etc. /E 






fabricated 
steel handrail 
(( standards 


Ke 


—. 



































“SAFETREAD” FLOORING IS 


welded for 
extra strength 


Tailor-made and not just cut to 

fit, ‘Safetread’ flooring is no dearer 
to specify than ordinary steel flooring, 
but provides maximum strength with 
minimum of materials ; non-skid 
surface ; 82% light and air 
penetration ; a neat-fitt- 

ing, clean appearance. 
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Allan KHennedy :co itp 
MAR |. ty ..) Moe se FY -hU§6§LT OF € TO NN - ©O M.. T £ EG 
Tel: Stockton 65464 (4 lines). Grams: Grating, Stockton-on-Tees. Also at 207 Victoria Street, London, S.W.| 
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Vokes 





a Vokes 44 ‘Absolute’ filters on 
the intake side. 


Harwell 


4 Vokes 55 ‘Absolute’ filters on the 


extract side. 


A Vokes 55 ‘Absolute’ under-floor cell 
filter in the operating area. WW 


In the High Activity Materials Handling Building at Harwell, Vokes 
‘Absolute’ filters were specified by the Ministry of Works for the 
ventilation plant. Already in use at Aldermaston and Dounreay Vokes 


‘Absolute’ filters provide the highest standard of filtration at present 








available —- 99°95”, tested efficiency against a methylene-blue dust cloud. 
Each filter is tested before despatch and is unreservedly guaranteed. Vokes 
‘Absolute’ filters, and other Vokes types, are playing and will continue to 
play a vital part in Britain’s nuclear power programme. Our engineers 


will be glad to give you full details of the Vokes ‘Absolute’ filter. 





VOKES LTD - GUILDFORD - SURREY 
Telephone: Guildford 62861 (6 lines) 





Telegrams & Cables: Vokesacess, Guildford, Telex Telex: 13-535 Vokesacess, Gfd. 


Fokes Australia Pty. Ltd., Sydney Represented throughout the World 





VOKES—Air and Gas Filters for Chemical, Nuclear Energy, Oil Refinery, and Pharmaceutical applications etc; Air conditioning filters; Compressed air pipe line filters, 
Air, Oil, and Fuel filters for Diesel, Gas Turbine, and other i/c engines; Hydraulic filters; Silencers for Engines, Fans and Blowers; High efficiency Multi Cyclones 
v313 
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In collaboration with the Ministry of Works Engineering Staff 
we designed and installed a special form of circular motion 
Overhead Electric Travelling Crane, for operation in Britain’s 
first experimental Reactor at Harwell. 






Further circular motion units have been installed at both Harwell 
and Dounreay, the latter on instructions from the United 
Kingdom Atomic Energy Authority. 


Shortly we will commission a similar crane for the Australian 
Atomic Energy Commission. 


The cranes are designed for a lift of 25 tons on a span of 
approximately 67 ft. 


We are currently engaged in the installation of Main Turbine 
House and Blower House Cranes for Calder ‘‘B’’ and Chapel- 
cross Atomic Power Stations. 


. 


THE WHARTOM CRANE & HOIST CO.LTD 





REDDISH STOCKPORT ENGLAND 


Phone: Heaton Moor 2227. Grams: ‘* Gallant, Manchester Code: Western Union. 
LONDON : Lincoln House, 296/302 High Holborn W.C.1. Phone: Chancery 7911. Grams: Chancery 7911. 
SCOTLAND: Fisher-Baxter & Co., 140 West George Street, Glasgow C.2. Phone: Douglas 1061-2-3. Grams: Fluorspar, Glasgow. 
MIDLANDS: A. R. Holiand & Son, 89 Cornwall Street, Birmingham 3. Phone: Central 1457. Grams: Central 1457, Birmingham. 
SOUTH-WEST: R. C. Collins, 48 Westbourne Road, Penarth, Glemerge. Phone: Penarth 1527. Grams: Penarth 1527. 

NORTHERN COUNTIES: Fisher-Baxter & Co., 140 West George Street, Glasgow C.2. Phone: Douglas 1061-2-3. Grams: Fluorspar, Glasgow. 
NORTHERN IRELAND: General Engineering Products Ltd., 7/9 Great Patrick Street, Belfast. Phone: Belfast 23743. Grams: Belfast 23743. 

REPUBLIC OF IRELAND: Charles Nolan & Co., 2 Parker Hill, Lower Rathmines Road, Dublin. Phone: Dublin 93510. Grams: Dublin 93510. 

CANADA: Marshai!l Equipment Co. Inc., P.O. Box 28, 6! Victoria Avenue, Dorval Station, P.Q. Phone: Melrose 1—3528. Grams: Marquipco, Montreal. 


REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD. 
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Cape 
ASBESTOLUX asbestos insulation board, MARINITE asbestos 


sheet and CAPASCO moulded brake linings and clutch facings are 
also manufactured by the Cape Asbestos Group of Companies. 


THE CAPE ASBESTOS COMPANY LIMITED 


114 & 116 PARK STREET, LONDON, W.1. TELEPHONE: GROSVENOR 6022 


The heat developed by the twin 


reactors of the new Berkeley atomic 
power station poses problems of 
thermal insulation which will require 
new techniques in their solution. 
Confining and controlling such intense 
yet precious thermal energy constitutes a 
challenge—a test worthy of the 
knowledge and skill acquired in 

65 years’ experience of 

thermal insulation manufacture by 

The Cape Asbestos Company, to whom 
the contract has been entrusted. 


ASBESTOS COMPANY LIMITED 


Manufacturers of: 


CAPOSITE 


Moulded Amosite Asbestos Insulation 


ROCKSIL 


Rock Wool Insulation 


PLUTO 


Asbestos Textiles 


At the Berkeley Nuclear Power Station of the 


« \~ Central Electricity Generating Board, the contract 
d 


for supplying and installing thermal insulation 

for the TWO REACTOR PRESSURE VESSELS, 

16 HEAT EXCHANGERS, THE CO, 

DUCTING AND MAIN STEAM PIPES has been 

awarded by the main contractors 

AEI- John Thompson Nuclear Fnergy Co. Ltd., to 
The Cape Asbestos Company Limited. 
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designs and manufactures 
Special-purpose machine tools 
and equipment 


Fine Boring Machines 

Turning Machines 

Drilling Machines 

Automatic Loading and 
Unloading Internal Grincers 

Simulators 

Fine Turning Machines 

Turbine Blade Machines 

Flow Turning Machines 


MOLLART also manufacture 


High Precision Equipment of all Types, including 
Gauges, Tools and Fixtures. 


High-Frequency Grinding Spindles up to 90,000 r.p.m. 
Special Hydraulic Equipment 


Precision Assemblies 


Manufacturers | 
of the @ universal ball joint | 
for all angular drives | 


Air Ministry Gauge Test House approved under authority 89755/3! 


MOLLART ENGINEERING COMPANY LIMITED 


KINGSTON-BY-PASS SURBITON SURREY TELEPHONE ELMBRIDGE 0033-7 TELEGRAMS PRECISION SURBITON 


P.2130 
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call in 
tne 
specialists 













Specialists for 30 years in the manufacture of me- 
chanical materials handling aids for every industry, 
Paterson Hughes produce the finest complete schemes 
and equipment to suit any application. A satisfactory 
materials handling scheme, designed to fulfil specific 
requirements effects considerable economies of labour 
and space. For the major step to higher production, 


consult 





bas heal 
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JATERSON HUGHE 


ENGINEERING COMPANY LIMITED 


MECHANICAL HANDLING ‘& 
ENGINEERS AND CRANE MAKERS 


WYNDFORD WORKS - MARYHILL - GLASGOW - TEL MARYHILL 2172-4 
BEDFORD HOUSE - BEDFORD ST - LONDON + WC2 - TEL TEMPLE BAR 7274-6 
3 HIGHFIELD RD - EDGBASTON - BIRMINGHAM - TEL EDGBASTON 2957-8 
8 CHATHAM ST - PICCADILLY - MANCHESTER - TEL CENTRAL 6623 
PATERSON HUGHES ENGINEERING SA (PTY) LTD - PO BOX 811 JOHANNESBURG 
P4334 
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\=5 Reeearch 
and Development 


Evidence of the out-of-the-ordinary service that Keith Blackman 
render to industry and commerce in their need for fan engineering 
equipment is the accent placed on Research and Development. 
This exclusive service includes the use of laboratories specifically 
equipped for research into 


axial and propeller fan design 
centrifugal fan design 

dust and air filtration 
acoustics 

metallurgy 





Keith Blackman Ltd 


MILL MEAD ROAD, LONDON N.I7 TOTTENHAM 4522 


Sales & Service Offices : 
Birmingham, Bristol, Glasgow, Leeds, Leicester, London WCI, Manchester, Newcastle 
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e 
x-Cent Fan 


A tangible result of the Keith Blackman service is the new 
AX-CENT COMPOUND FLOW FAN — Provisional Pat- 
ent No. 3148/58. Externally similar to the conventional axial 
fan, the AX-CENT fan offers: 


twice the pressure development 
lower sound level & running speed 
higher efficiency 

centrifugal fan characteristics 


T.A. 1493/949 
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When stairs are treaded with p.v.c. for safety 





Altro safety treads made from 1.C.1. ‘Corvic’ used on factory stairs by the Ford Motor Company Ltd. 


tread them with I.C.I. ‘Corvic’ 


NLY ‘CORVIC’ p.v.c. polymers are 
O backed by I.C.I. research and 
technical service. When you’re about to 
use p.v.c. get in touch with I.C.1. Their 
service is at your disposal. They'll 
be glad to hear from you and talk to 


you about ‘Corvic’. 





IMPERIAL CHEMICAL INDUSTRIES LIMITED 


?C.20 
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‘CORVIC 


One of the many invaluable uses to 
which ‘Corvic’ is put is in the manufac- 
ture of safety treads for stairs. Factory 
stairs at the Ford Motor Co. Ltd., 
have Altro safety treads made from 
I.C.1. ‘Corvic’? by Welwyn Plastics 


(1955) Ltd. for the Adamite Co. Ltd. 


‘Corvic’ ts the registered trade mark for 
the p.v.c. polymers manufactured 
by I.C LT. 





LONDON 
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Progress must have a past... 





The Morgan Crucible Company’s past started a 
hundred years ago — in the Morgan Brothers’ 
warehouse in Jewin Crescent in London. 

Frogress since then has been on such a scale that today 
every industry in the land makes use, either directly 

or indirectly, of Morgan products and components. 
With that sort of experience behind them, no wonder 
Morgans’ chemists, engineers, metallurgists, physicists, 
technologists and craftsmen are facing the future 

with such confidence — and indeed are already playing 
an important part in the widening fields of electronic 





and nuclear engineering. 


nst® R G A N S CARBON AND GRAPHITE—ELECTRICAL CHEMICAL 
AND MECHANICAL: CRUCIBLES, FURNACES 


REFRACTORIES: RADIO PARTS: SINTERED METAL 
PRODUCTS AND ELECTRIC FURNACE ELEMENTS 





of Baklerbea 





THESMORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.11 Telephone: BAT. 8822 
MCC 125/A 
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HE massive rope drum for a 

110-ton Morris crane is here 
shown being lowered on to the crab 
frame. Behind the drum is the crab 
traversing gear and the auxiliary 
lifting gear which in this instance 
is for a capacity of 10 tons. The 
crane was despatched to a power 
station in India—one more to the 
long list of Morris cranes already 
giving reliable service in power 
stations all over the world. 


MORRIS 


HERBERT MORRIS LTD P.O. Box 7 LOUGHBOROUGH ENGLAND eee: 


LOUGHBOROUGH 3123 
INCORPORATING ROYCE LTD. AND CRAVEN BROS. (CRANE DIVISION) LTD. 
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ROLLS-ROYCE 


HIGH ALTITUDE 


AERO ENGINE TEST PLANT 
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DESIGN, 
FABRICATION 
and ERECTION 


of the Test Cells, Pressure Vessels and 


Ducting which largely comprise the 
Rolls-Royce High Altitude Test Facility 


were entrusted to 


Harvey | 


G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD, LONDON, S.E.7 
Telephone : GREenwich 3232 (22 lines) 

Consulting Engineers * 


McLellan & Partners associated with Merz & McLellan 
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increases production in the Engineering Industry 


‘Fluon’ p.t.f.e. used as insulation on the joints between the liner and torus on “‘Zeta’” 
designed by United Kingdom Atomic Energy Authority Research Establishment. 


‘Fluon’ p.t.f.e. was used 


in the construction of “‘Zeta’”’ 


HE JOINTS between the liner and torus on __ used to withstand intermittent temperatures of 
"Tzeta” areinsulated with severalthicknesses —_ up to 500°C. (2) It will not gas under vacuum. 
of ‘Fluon’ p.t.f.e. formed into rolls of film 4’0” (3) It has excellent electrical insulating 
wide x 0.010” thick. properties. 

This outstanding I.C.I. plastic material was This is not all. ‘Fluon’, the most inert of all 
chosen because: - plastics, is tough and flexible. Its coefficients 
(1) Its normal working temperature range is __ of friction are very low and few materials stick 
—80°C.to250°C. but inthisinstanceithasbeen _ to its surface. 


. = XK. tJ) <C> Tar 5 ‘Fluon’ is the registered trade mark for the 
polytetrafluoroethylene manufactured by I.C.I. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON -« S.W.I 
PF.45 
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ADD A LITTLE 


Micro 
Switchcraft 


TO YOUR ENGINEERING 











Always more than 300 types 


of Micro Switches in stock 


Micro Switchcraft by 


THE BRITISH MICRO SWITCH DESIGN 
AND MANUFACTURING SPECIALISTS 
BURGESS PRODUCTS CO. LTD. MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11, Tel: Low Fell 75322, Telex: 53-229 
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ion 
pounds 
of steam 
per hour 


lilustrations by courtesy of 
Babcock & Wilcox Ltd. 


The world’s first 500 MW atomic power station is being built by the English Electric, 
Babcock & Wilcox, Taylor Woodrow Atomic Power Group at Hinkley Point, in Somerset. 

The station will have two reactors, each contained in a 67 ft. spherical pressure vessel 
of 3-inch steel. Each reactor and pressure vessel, when completed, will weigh 5,500 tons. 

There will be six Babcock & Wilcox dual-pressure boilers to each reactor. Each boiler 
is go ft. high and 21} ft. in diameter. Total evaporation will be 5,500,000 lb. of 
steam per hour. 

Welding, by specially-chosen operators, is to Lloyds Class I standards, and every inch 
of every weld is radiographed. On this type of work, where examination is critical and 
a fine-grain film essential, “Crystallex’ X-ray film is used to provide evidence of 
perfect welding. 


Kodak Industrial X-ray Films 


... first choice of inspection engineers 








One of the many little services given freely by Kodak is the calibration of your X-ray set and 


the provision of a chart showing the correct exposure for any type of work done on that 







particular set. By referring to this chart you can reduce trial-and-error exposures on new jobs 
and produce a satisfactory radiograph first time. As no two sets behave exactly alike (being 
affected to some degree by outside conditions, such as the local power supply) this individual 
treatment is rather essential. 

If you would like our specialist to call and make up a chart to suit your X-ray set, please 
write in the first place to Kodak Limited. 


Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 
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Can’t find a standard case to meet the problem? 
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SAVILE TAILOR-MADES provide the answer ! 


ANY SIZE! ANY QUANTITY! 14 DAYS DELIVERY! 


Strongly-built with the unique Imlok construction system and 
beautifully finished, these cases (racks or consoles) are made to 
your own specification and supplied in any quantity. Prices are 
competitive and generous discounts are available for large orders. 
That means for prototype work or batch productions you can still 
enjoy the economy of using standard designs, yet get a ‘made-to- 
measure’ job. Handles and all accessories to suit your require- 


ments. Write now for full details and convenient order form. 


tailor-made cases 





ALFRED IMHOF LIMITED Dept NI2 Ashley Works Cowley Mill Road Uxbridge Middlesex Tel: UX5-5567 


Export & London Showrooms: 112-116 New Oxford Street WCl1 Tel: MUSeum 7878 LGB/SI 
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THERMAL INSULATION BY | Newalls 





Newalls have carried out the 






thermal insulation contracts 
on many of the British Power 


Stations built since the war. 






CHAPELCGROSS > 


As a result of this specialised 
experience, Newalls have been 
successful in obtaining very 

large thermal insulation contracts 
at Chapelcross, now being 
constructed under Britain’s 
Atomic Energy Development Plan. 


ey 
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NEWALLS INSULATION GO. LTD. wasnHincTON . Co. DURHAM 
A member of the TURNER & NEWALL ORGANISATION 


Offices and Depots at: LONDON . GLASGOW MANCHESTER . NEWCASTLE UPON TYNE 
BIRMINGHAM . BELFAST . BRISTOL & CARDIFF. Agents and Vendors in most markets abroad 
A33 
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HOPKINSONS’ 
VALVES 











DOUNREAY 











HUNTERSTON 


CHAPEL CROSS 


BRADWELL 


Our contracts include: 


REACTOR VALVES - BOILER MOUNTINGS — PIPE LINE VALVES - TURBINE VALVES 
REDUCING & DESUPERHEATING EQUIPMENT ~« CENTRIFUGAL SEPARATORS 





3 HOPKINSONS LIMITED - HUDDERSFIELD 


LONDON oF & ee. €3 34 NCRFOLK SF REF - STRANGE * W.€.2 
W 9 
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This is one of the magnetic memory 
drums used in G.A.M.E, the Sunvic data 
handling computer for analysing 
information from scintillation counters 
used to detect reactor fuel 

cartridge leaks. 

The drum can memorise the previous 
48 counts from each of 400-600 

channel groups so that the previous 
24-hours readings are always 

available. It also stores individual 
channel group reference levels 

and differential limits; each reading 
can thus be assessed arithmetically 
and warning given of significant 
variations in gas activity. The 


computer has completely self-checking 





circuitry with built-in fault 


finding equipment. 


The covers of the memory drum have been removed and 
one bank of recording heads withdrawn. It revolves at 
approximately 150 r.p.m. and has a capacity of roughly 
500,000 binary digits. 


*k Gas Activity Monitoring Equipment—a patented 
system developed by Sunvic Controls, which is being 
supplied for C.E.G.B. use at Berkeley nuclear power 
station. For further information, please contact: 


SUNVIC CONTROLS LTD 
P.O. BOX 1 - HARLOW « ESSEX - Telephone: HARLOW 25271 


Not ony instuaments but complete insbiementation 


for integrated monitoring, control and data handling of nuclear reactors and industrial processes. 





An A.E.I. Company 





Sc/75 
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Power for industry and commerce epitomises 
Wright Anderson. In the provision of steel buildings for 
every industry they have the resources and 

experience to ensure the most efficient contracting 

from planning to completion. 

If you are thinking ahead now is the time 

to call in Wright Anderson whose 

assistance can be a powerful factor in 

matters of time and economy. 


WRIGHT ANDERSON & CO. LTD. 


CONSTRUCTIONAL ENGINEERS AND BRIDGE BUILDERS 
G.P.O. BOX 2, GATESHEAD 8, CO. DURHAM 


RELIABILITY Tel. Gateshead 72246 (3 lines). Grams: ** CONSTRUCT Gateshead ” 
London Office: Regent House, Kingsway, W.C.2. Tel. HOLborn 9811 





CONTRACTORS TO H.M. GOVERNMENT, CENTRAL ELECTRICITY AUTHORITY, NATIONAL COAL BOARD, ATOMIC ENERGY AUTHORITY 
AND CROWN AGENTS FOR OVERSEAS GOVERNMENTS AND ADMINISTRATIONS 
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Mild Steel Plate Cyclones and Ducting supplied and erected at large Cattle Feed Mill in London. 


BRABY FoR METAL PLATE 
AND SHEET METAL FABRICATIONS 


BRABY, with six factories located in widely separated parts of 







Great Britain, have, for more than 100 years specialised 
in Metal Plate and Sheet Metal Work. The 
technical knowledge and experience of our 
Staff and the employment of a labour force 
of skilled craftsmen, enables us to provide 
for Industry an efficient Metal Plate and 


Sheet Metal Work manufacturing service. 


Heat Recovery Exhaust Silencer Boiler utilising heat from 
Diesel engine exhaust. Made by BRABY for their subsidiary 
company, Maxim Silencers Limited. 





a ee FREDERICK BRABY & COMPANY LIMITED 


Head Office: 352-364 EUSTON ROAD, LONDON, N.W.1. TELEPHONE: EUSton 3456 
OTHER FACTORIES AT: London Works, Thames Road, Crayford, Kent. TELEPHONE: Bexleyheath 7777 
Havelock Works, Aintree, Liverpeol, 10. TELEPHONE: Aintree 1721 
Eclipse Works, Petershill Road, Glasgow, N. TELEPHONE: Springburn 5151 


Ashton Gate Works, Bristol, 3. TELEPHONE: Bristol 64041. And Falkirk 
OTHER OFFICES: 110 Cannon Street, London, E.C.4 (Export). TELEPHONE: MANsion House 6034 
PRODUCTS Queen’s Buildings, 10 Royal Avenue, Belfast. TELEPHONE: 26509 
Palace Street, Plymouth. TELEPHONE: 62261 





AP 89 
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LIGHT WATER POOL TYPE 





C act 
reactor diversification 
and reliable design... 


HEAVY WATER TANK TYPE 








Unlike other builders of nuclear reactors who specialize in specific types —— AC 
has achieved prominence through diversification. This diversification is a tribute 
to the range and depth of our scientific, engineering and manufacturing skills. As 
a result of our field proven designs — today we offer a group of “standard reac. 
tors”. The ACF Heavy Water Tank Type standard reactor is the direct result of the 
experience gained with the MIT reactor, the Italian National Committee reactor ir 
Italy and other designs recently completed for government and private organiza. 
tions. By combining the best features of each of these installations ACF is read) 
to offer a standard Heavy Water Tank Type research reactor with power levels rang. 
ing from 1000 KW to 10,000 KW. 

Another standardized reactor is the ACF Light Water Tank Type—based on the best 
design features of 4 similar units now under construction in the U.S., Holland 
and Sweden with power outputs ranging from 10,000 KW to 30,000 KW. Usec 
primarily for materials testing and engineering development, these units are 
further evidence of ACF’s established pattern of reliability in reactor design and 
construction. 

Two ACF Power Reactor Designs have recently been cémpleted — one the Boil: 
ing Water Reactor Type and the other the Gas Cooled Type. The ACF approach to 
power reactor construction is based on the use of proven engineering and sound 
design to provide the customer with the most economic solution of his problem 
with existing technology. 





LIGHT WATER TANK TYPE PROCESS HEAT 
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»nbased on experience 


ther new design developments at ACF include the Process Heat Reactor and the complete 

ine of Pool Training Reactors as announced recently. 

eactors from a 1 watt trainer to 150,000 TKW power unit have already been designed by ACF. 

matter what your requirements are in the area of nuclear reactors, the diversification, experienced 
bersonne!l and proven designs found at ACF are your best assurance that we have a sound technical 
nd economic approach to your problem. We are free at any time to undertake exploratory discussions. 
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TRAINING 
REACTOR 





NUCLEAR PRODUCTS=-ERCO 


Division of QCf Industries Incorporated 


508 Kennedy Street N.W., Washington 11, D.C. 
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_ SPLIT SEALS 


CHARLES WESTON & CO. LTD. irwell Bank Works * Douglas Green - Pendleton - Salford 6 
Telephone: Pendleton 2857-8-9; Tel 255; Bi 

















SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire dindiquer dans un 
espace restreint tous les détails 
de ses produits. Dans le cas ot 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére @ NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es ist oft schwierig far Inserenten 
alle technischen LEinzelheiten 
aber thre Produkte in einem 
begrenzten Platz zu bringen. 
Sollten Sie noch weitere Aus- 
kinfte witnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER. 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile all’inser- 
zionista di indicare in uno 
apazio ristretto tutti + particolars 
dei suoi prodotti, Qualora de- 
sideraste ricevere pit ampie 
informazions a questo riguardo, 
favorite segnare tl numero 
appropriato sul cartellino qut 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
espacio limitado todos los detalles 
técnicos sobre sus productos. St 
desea ulterior informacién, 
marque los ntimeros apropiados 
en la tarjeta opuesta y mdndela a 
NUCLEAR POWER. 


HudopmaywA win wnTaTeneH 
Yacmo 6vneaem mpydxno pexaa- 
mMupyowum auyam Gaeamb «éce 
mexnurecnue nodpo6nocmu céo- 
ea npodyxyuu ¢ pexasame. Ecau 
Bam nonado6amca do6asounrvie 
ceedenua, MO NpOocmo ommMemome 
coomeemcmeynujue HOMEPA HG Ka- 
mouxe Ha npomusonosooCHOR 
€ Pp u omnp ¢n 

NUCLEAR POWER. 
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ADVERTISEMENTS If you would like further information about any adver- 
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tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 


NAME 
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ADDRESS 
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numbers on this card and mail to NUCLEAR POWER. 
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SUBSCRIPTION GARD Letitia, 


JOURNAL or eritisn wuclear ERGINECERING 


| want my own PERSONAL copy ! 


Please send me NUCLEAR POWER for !2 months/until countermanded: 


U.K. £2. 2s. Od. 
U.S.A. and Canada $8.00 + 50c. postage 
Other countries £3. 3s. Od. (CD Subscription enclosed 


starting with the C) Invoice me later 





a 








SEND TO MY HOME/BUSINESS ADDRESS ___ 
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Eight specialist companies make up the nuclear octave. 
Each sounds exactly the right note in terms of its own 
particular skills and experience. In combination they form 
N.P.P.C. which thus has all the resources necessary for 
the construction of complete nuclear power stations 
throughout the world. 

At Bradwell, Essex, N.P.P.C. are building a new nuclear 
power station for the Central Electricity Generating Board, 
with a guaranteed output of 300 megawatts. This great 
enterprise is a commercial venture aiding Britain's 
economy and emphasising her world lead in the practical 
application of atomic power for peace. 


P A Greater Britain through Nuclear Power 


THE NUCLEAR POWER PLANT COMPANY LIMITED 


Cc. A. PARSONS AND COMPANY LIMITED 
HEAD WRIGHTSON AND COMPANY LIMITED SIR ROBERT MCALPINE AND SONS LIMITED 
WHESSOE LIMITED STRACHAN AND HENSHAW LIMITEG 
ALEX FINDLAY AND COMPANY LIMITED CLARKE CHAPMAN AND COMPANY LIMITED 


A. REYROLLE AND COMPANY LIMITED 


BOOTHS HALL - KNUTSFORD - CHESHIRE 
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super finishing 





close tolerances 


Telehoist have developed production 
techniques to attain high surface 
finishes combined with close 

tolerances, where zero backlash and low 
friction are design fundamentals. 

The illustration shows an H. M. Hobson 
feel-simulator jack which is used in 
conjunction with servo operated flying 
controls. The surface finish of the 
piston, cylinder and spherical bearing 
is 1-14} micro inches. The concentricity 
and clearance between working surfaces 
are within .0002 inches. 

The assembled units are tested 


at temperatures of - 40°C. and + 70°C. 


If you have a production application demanding zero backlash and low 
friction characteristics we should be pleased to investigate and advise. 


‘ The illustration is shown by the courtesy of H. M. Hobson Limited. 


Telehoist 


are skilled in precision production engineering and super finishing 


Telehoist Ltd Manor Road Cheltenham, are an associate company of Wilmot Breeden Ltd 
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MANIPULATED PIPEWORK 
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ABOVE: Manipulated high pressure pipework in the - 
mere: Tapennes eal Sapecch Sas ot See and Stewarts and Lloyds have a wealth 
Lloyds’ Tollcross Works, Glasgow. : : . 

of experience in the supply of 
BELOW: New fabricating shop at Pudding Mill Lane, manipulated pipework for all 
Marshgate Lane, Bow, E./5. y P P : 

operating conditions. They have 
extensive research facilities and 
are able to design, manufacture 


and install pipework for every 
Prien | 
a 


cement 


type of plant. 

A large part of the Company’s 
business comprises small orders for 
specials of all shapes and sizes. 

To augment the efficient service 
already provided by our works in 
other parts of the country we 
have opened a new fabricating 
shop in London. 





STEWARTS AND LLOYDS LIMITED 


GLASGOW - BIRMINGHAM - LONDON 








THE WORLD FAMOUS 


ERHARD 
va CY oe 





known for their Design, Precision and Quality for more than 80 years 


SOLVE ALL PROBLEMS 4 


LTA 












































JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz - Germany 
Telephone 388] Cable- Erhardarmaturen 


For all information write to 


The Sole Agents for the United Kingdom 


ALK. STARCK’S CO. LT D. 22, Chancery Lane London W.C.2 


Telephone Holborn 2966 Cable: Akstar London 
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POLLARD 


BEARINGS 


MAKERS OF SELF-LUBE BEARINGS ; SOLID AND FLEXIBLE ROLLER BEARINGS ; 
** MAX-LOAD ”’ ROLLER BEARINGS, ETC. 


POLLARD BEARINGS LIMITED 


FERRYBRIDGE - KNOTTINGLEY - YORKS 


Tel: Knottingley 2323 - Telex 55166 - Grams: Balbearing, Ferrybridge. 
Also at Northampton, London and Oakville, Ontario. 
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LOW-TENSION A.C. AIR BREAK SWITCHGEAR 


“One of thirty-six 

composite Switchboards which are 

being installed in the South of Scotland 

Electricity Board’s Generating Station at Kincardine.” 


CONSULTING ENGINEERS - 


BUS BARS TESTED IN ACCORDANCE WITH A.S.T.A. 16. 


Manufacturers of Air Break Switchgear 
for the past fifty years 


alle) ome--am —lelelmal-m mice 
SWITCHGEAR WORKS CASTLETON * ROCHDALE * LANCS 


FOR LEAFLET IF/2 WRITE TO 
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This work covers only three recent 
orders from Messrs. Simon-Carves Ltd. 


MARGAM — for The Steel Company of 
Wales — a once-through forced circula- 
tion boiler to generate 240,000 lb. of 
steam per hour at 3,300 p.s.i. and 1,060 F 
with reheat to 840 F. 


PADIHAM ‘B’ Power Station — for the 
Central Electricity Generating Board— 
a 120-MW reheat boiler to generate 
860,000 lb. of steam per hour at 1,600 p.s.i. 
and 1,010°F with reheat of 785,000 lb. 
per hour to 1,005°F. 


HUNTERSTON — for the South of 
Scotland Electricity Board — a two re- 
actor station with a total of 16 steam 
raising units giving a total evaporation 
of H.P.steam of approximately 2: million 
lbs. per hour and L.P. evaporation of 
approximately 1s million lbs. per hour. 


97 TOTTENHAM COURT ROAD, LONDON, W.1 
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WORKS: TRAFFORD PARK, MANCHESTER 17 


Broadway /P25 


Tick No 49 on reply card for further details A47 








don’t be prehistoric... 


step up production 


with WESTOOL 
Solenoids 













Your production processes can be made more efficient by 
fitting Westool Solenoids to your machines. Why? Because 
Westool Solenoids are compact, self-contained electro- 
magnetic units which provide a direct mechanical action 
automatically or by remote push-button control. No gear 
trains, no complicated mechanisms —just simple electrical 
wiring from the control panel to the “‘on-the-spot’”’ Solenoid 
actuator. Westool Solenoids lift, lower, push, pull, open or 
shut, and thus simpiify machine designs, speed up operations 
and reduce production costs. There is a long and diverse list 
of machinery which has already been improved by solenoid 
control— you can add yours to the list with advantage. 


To meet customers’ immediate require- 
ments, Westool carry some 10,000 solenoids 
of various types and ratings so that your 
immediate needs may be dealt with by 
return. 











































































































































































































































































































































Westool also make 


L ST. HELEN’S AUCKLAND, CO. DURHAM 


Phone: West Auckland 5515 Grams: Solenoid, West Auckland 


Birmingham Office: 7 Newhall Street, Birmingham 3. Phone: Central 3901 


Coils & Coil Winding Machines, Transformers, Warner Electric Brakes & Clutches, Air Conditioners, etc. 


and are Sole Seiling Agents for the retays, sensing devices and micro-components manufactured by A. P. Besson and Partner. 


TiB94 








FLAMEPROOF 
SOLENOIDS 


Series 500 and Series 
700 A.C. Solenoids are 
available in Flame 
Proof enclosing cases, 
certified to Buxton 
standards. 
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TURNERS 


put Industry 
' in the 
AN Picture > 


~ 






Public relations, staff recruitment and 

training, publicity and selling, 

are just a few of the fields in which 

industrial films by Turners have proved / 
themselves invaluable in making / 
the wheels of industry turn more 

smoothly and more swiftly. / 





The secret of Turners’ success ? 


Turners’ operators have the knowledge of 
photography and the experience of industry 
which combine to make film a profitable 


tool in the hands of the industrialist. 
You are invited to write for details. 
TURNERS FILM PRODUCTIONS 


Camera House, Pink Lane, 
NEWCASTLE UPON TYNE, |. 
Tel: Newcastle 2-539! 
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Specialists 


These days nearly everyone is a specialist 
in something or other and the Editor of 
NUCLEAR POWER has quite a job each 
month providing a diet of pet subjects at 
a specialized level, rationed so that each 
of all our many different kinds of reader 
is at least aware that his own particular 
interests are not being neglected. Now spe- 
cialist articles tend to be very long indeed 
and many scientists believe it is quite im- 
possible to say anything constructive in 
less than 10,000 words. This is quite untrue 
and even a few hundred words—if they 
are the right ones—can be really useful. 
Of course the complete account of their 
work must be written for the record but it 
is not the function of a magazine to pub- 
lish these at length. If we did, it would 
upset the whole balance and only alienate 
large sections of our readership. 


It is almost certainly true that all signifi- 
cant advances in nuclear science and tech- 
nology originate in specialist work but it 
is often some considerable time before the 
facts become available to those to whom 
they are most useful. We have felt for 
some time that we’d be doing a useful 
job if we could publish some of this work 
in a brief, concise manner as soon as it 
was available and this month we are start- 
ing a new section called Nuclear Techno- 
logy in which we intend to include short 
specialist articles on a variety of nuclear 
topics. In this way we hope to focus atten- 
tion on some of the many developments 
taking place which could be of signifi- 
cance to the future of applied atomic 
energy. This section is open to all and if 
you feel you could contribute to it the 
Editor will be glad to hear from you. 


With our Nuclear Technology section 
NUCLEAR POWER takes another step for- 
ward which will accelerate even more its 
rapidly growing circulation and influence. 
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Looking to the future... 


The world is making rapid scientific and technological progress but 
man’s thirst for knowledge is insatiable. New methods of power are 
being developed and we have entered the nuclear age in the hope 
that these discoveries will help to secure a higher standard of living 
for all of us. But the need for fuel economy remains; that is why 
more and more industrial concerns are turning to Kenyon Planned 
Heat Insulation. 


m 
z 
~ 
°o 


WILLIAM KENYON & SONS (THERMAL INSULATIONS) LTD. DUKINFIELD, CHESHIRE 
Tel: Ashton-u-Lyne 1614-7 and 3673-6 


MEMBER OF THE 2& 


NOLLVSINVOUO 2 


Ti4 
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Sik, if LETTERS TO NUCLEAR POWER 





Not so cheap 


SIR: In his Cross-Section last month Gracchus, re- 
ferring to the Italian SENN contract awarded to 
International General Electric, talks about the ‘ very 
much lower capital investment in a Dresden-type 
station.’ In your report of the contract on p 526 how- 
ever, you give the total cost for the 15S0MW station 
as £M22-23. 

Now if my arithmetic is correct this is about £150 
per kilowatt sent out and that is not particularly low. 
It would be interesting to know what the lowest British 
tender was, 

Northampton J. PETTIFER 


It certainly could be interesting! Capital costs of 
British-type stations for relatively small outputs such 
as the Project ENSI are not easy to obtain, For the 
very large twin reactor stations we are now planning 
for the UK (2 reactors, 600-8300MW net) capital costs 
are estimated at £100-110 per kW (J, C. Duckworth, 
Geneva). For smaller stations the figure rises consider- 
ably. Some figures were produced at the Sydney sym- 
posium in June. For example, R. D, Vaughan of the 
Nuclear Power Plant Co gave about £130/kW for a 
I150MW station while A. L. Shaw of the AElI-John 
Thompson Nuclear Energy Co put a figure of about 
£145 per kW for a ISOMW station built in Australia. 
Possibly the situation will become clearer when the 
result of the competition for the Japan Atomic Energy 
Company's station becomes known. Ed. 


Splitting the infinitive 


SIR: One of the most closely guarded secrets of the 
era can now be told; how an anonymous group of 
grammarians, working in secrecy in a remote section 
of the country, have finally succeeded in splitting the 
infinitive. 

The so-called ‘ Bronx-Project’ got under way in 
1943 with the installation of a huge infinitron specially 
constructed for the job by Cal Tech philologists. 
Though the exact details are still withheld for reasons 
of security, it is possible to describe the general pro- 
cess. 

From a stockpile of fissionable gerunds, encased in 
leaden clichés to prevent radioactivity, a suitable sub- 
ject is withdrawn and placed in the infinitron together 
with a small amount of syntax. All this material must 
be handled with great care as the slightest slip may 
lead to a painful solecism. Once inside the apparatus, 
the gerund is whirled about at a great speed, mean- 
while being bombarded by small particles; A man 
with a Gender Counter stands always ready to warn 
the others if the Alpha-Betical rays are released in 
such high quantities as to render the scientist neuter. 

The effect of the bombardment is to dissociate the 
whirling parts of speech from one another until at 
length an infinitive splits off from its gerund and is 
ejected from the machine. It is picked up gingerly with 
a pair of hanging clauses and plunged in a path of 
pleonasm. When it cools, it is ready for use. 

The question is often asked: Can other countries 


continued on p AS3 
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Lead screening bricks made 
by Grey & Marten are equipped 
with viewing portholes and a 
revolving sphere for remote 
handling of radioactive 
sources. é 





Ask Grey & Marten 
about lead shielding 


(They ve been handling lead for 125 years) 


Grey & MARTEN are experts in 
lead. They’ve specialised in 
the manufacture of ail kinds of 
lead castings, fabrications and 
fillings for more than a century. 
Interlocking Lead Bricks (in 
one, two and four-inch thick- 
nesses), Lead Sphere Units (in 
two and four-inch bricks), 





Aperture and Viewing Bricks, 
Lead Pots and Isotope Carriers 
are all produced under the 


Storage pot typical of 
those used in standard 
Grey & Marten name. safes not already fitted with 
lead protection, affords 
economical storage for 
whenever you need screening radio-active material. 


Consult Grey & Marten 





against radioactivity. 


GREY & MARTEN LTD 


Established 1833 


CITY LEAD WORKS, SOUTHWARK BRIDGE, S.E.I 
and at Birmingham, Manchester and Ipswich 

















How to select 
the right alloy 


TO RESIST CORROSION 


Many Wiggin wrought nickel alloys are outstanding because 


” 
Fug 
g 





of their resistance to corrosion by a wide range of media. 


Atmospheric Corrosion : INDooRS most high- 
nickel alloys are immune. In industrial 
sulphurous atmospheres Inconel is super- 
ior. OUTDOORS the rate of attack is low. 
Inconel remains bright in most atmos- 
pheres. Even where Monel tarnishes, there 
is no destructive corrosion. 


Fresh and Salt Water: When water high in 
salts and dissolved gases is handled, 
Inconel is the preferred material. In salt 
water, Monel is generally preferred in 
submerged exposure and Inconel in ex- 
posure to marine atmospheres. Monel is 





Heat exchanger for chemical processing with tubes 
of Low-carbon A T Nickel welded to a nickel-clad 
steel tube plate. The dished head ts also of nickel. 
Bertrams Limited. 


The choice of materials for corrosion-resistance is a job for the expert. 


the ideal material for propeller shafts, 
fastenings, valves and pump parts handling 
salt water. 


Neutral and Alkaline Salts: Nickel resists 
this type of attack while Monel is widely 
used in salt processing. Inconel is especially 
suitable for equipment handling food and 
refrigerating brines since it resists pitting. 


Acid Salts: Generally Monel is superior to 
nickel and Inconel with acid salts such as 
zinc chloride, ammonium sulphate and 
aluminium sulphate. Inconel is one of the 
few materials available for use in contact 
with hot, strong solutions of magnesium 
chloride and is superior for resisting 
oxidizing acid salts. 


Oxidizing Alkaline Salts: Hypochlorites are 
the only common alkaline salts corrosive to 
Monel, nickel and Inconel. 


Mineral Acids: Monel is among the few 
mechanically strong materials which resist 
corrosion by dilute hydrochloric and 
sulphuric acids. It is resistant to air-free 
hydrofluoric acids of all concentrations 
and at all temperatures including boiling. 
Monel is used in sulphonation, pickling 
and hydrofluoric acid alkylation. Nickel is 
useful in chlorination equipment. 


Z 
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Chlorination vessels of Monel used in the produc- 
tion of selective weed killers. Fisons Pest Control 
Limited. 


Oxidizing Acids: Such as nitric in con- 
centrations over 20 per cent have little 
corrosive attack on Inconel. 


Organic Acids and Compounds: Inconel 
resists this type of attack so well that it is 
widely used in food processing and 
pharmaceutical manufacture. Nickel is 
frequently chosen for food processing 
equipment because of its ability to protect 
purity. Monel is useful in resisting cor- 
rosion in the manufacture of fatty acids. 


Alkalies: Alkalies such as caustic soda have 
practically no corrosive effect on nickel. 
In less severe applications Monel is often 
used. Inconel is chosen where alkaline 
sulphur compounds are handled. 


Wet and Dry Gases: At atmospheric tem- 
peratures no dry gas is actively corrosive 
to nickel or to Inconel. Nickel is one of 
the most useful materials for handling 
chlorine, fluorine and bromine at tem- 
peratures up to about 540°C. and is free 
from corrosion by steam up to 425 C. 
Inconel is used for handling steam up to 
about 800°C. Above this temperature one 
or other of the Nimonic Series of Alloys is 
generally used. 


Beside Monel, Inconel 


and nickel, other alloys such as Corronel B and Ni-o-nel have been developed for specific 


problems. Our Technical Service engineers are always ready to give advice on the detailed 
applications of wrought high-nickel alloys in the light of many years specialised experience. 


WIGGIN KNOW NICKEL ALLOYS 


ione!, Inconel, Corronel B, Ni-o-nel and Nimonic are registered 


w X 


trade marks 


Ya bt WA we 





HUN GIDC ALLS 








Resist high and 


Transfer Provide 








Provide high Protect product Provide electrical Resist 
low temperatures strength purity 


Provide spring 


properties wear heat workability properties 


—.HENRY WIGGIN & COMPANY LIMITED - WIGGIN STREET - BIRMINGHAM 16 


tca mics 
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Have you investigated 
i _- Edison Tele-Voice? 


SirFr! 





le likewise split the infinitive? I think we can safely 
it answer, ‘ No.’ Though it is true that Russia, for one 
4 is known to have large supplies of thesaurus hidden 
j away behind the Plural Mountains, it is doubtful if 


the Russians possess the scientific technique. They have 
the infinitive but not the knowhow. 






- And that is something on which to congratulate our 
: own brave pioneers in the field of grammatical re- 
search. Once it was thought that the infinitive could 
‘ never be split—at least, not without terrible repercus- Remote- 
1 sions. We have shown that it is quite possible, given 
the necessary skill and courage, to unquestionably Control 


and without the slightest shadow of a doubt accom- 
plish this modern miracle. 


Dictating 


‘ See how easy, once you know how? 


Author's name withheld for reasons of security 


- We are now able to reveal that for some time NUCLEAR 














oh POWER’S research team have been working on the re- 
“ lated problem of thermosemantic fission, If two words 
d are brought near enough to each other sufficiently 
” often, they can be made to fuse into one. For exam- 
8 ple, take the simple case of the two elementary words 
4 ‘burn’ and ‘up.’ These often appear in the hyphen- | 
a ated form ‘ burn-up.’ This, however, is only a mole- | introduced 
cular bond and of no interest to this study. The first | . 
step in fusion is the form ‘ burnup,’ achieved here first by EDISON 
“ for the first time several months ago. This reaction . 
l. requires a great deal of energy as there is a lot of Edison Tele-Voice saves money and 
. resistance to be overcome and marks a distinct step time—it increases production and efficiency 
forward by our team. : ie) ned oe 
However, this is only a transitory stage as no par- Simplicity is absolutely er a dictating - spemeasonaont 
ticles are emitted and the Fowler barrier has not been and the Edison TELE-VOICEWRITER affords it in full measure. 
. Each TELE-VOICE station is a familiar ‘phone-like instrument 
a overcome complete fusion means that temperatures which is handled just like a telephone. Merely by pressing 
of will have to be raised even higher, By improvements a button the Executive can record his work, listen back and 
1g to our machine, COED—which has had no modifica- make corrections in his dictation. 
n- tion since 1934—we hope to achieve the reaction A TELE-VOICE network can contain three ‘phones or three 
ee (n, u) thousand—and stations may be easily reallocated or added 
of burnup —— burp as work loads vary. Each dictation ‘phone is wired to an 
to The economic significance of this development will Edison TELE-VOICEWRITER—the key to any ‘phone dictation 
ne need no emphasising, but unfortunately its widespread system. : 
is application may not be entirely peaceful. Ed. Both the central recorder and the new Edison Secretarial 
transcribing instrument are rugged and built for heavy-duty, 
all-day use. Their fully-enclosed design assures complete 
| protection necessary for long life and trouble-free operation. 
NP in Sweden Let us assist you—telephone or write or call for particulars 
. . of Edison Remote-Controlled Dictation — _ the TELE- 
SIR: During the past year you have sent NUCLEAR VOICEWRITER. 
POWER to the Chamber each month. It has occupied 
a prominent place on our library table and proved a 
valuable source of fact and opinion for the monthly 
reports published in our Economic Review. In recent 
months NUCLEAR POWER has been glanced at and read 
with particular attention, in view of the British-Swed- Qa &di 
ish Nuclear Energy Meeting which was arranged in ~ VYIOiLe, 
a ; ee cigs be ise: hates LIMITED 
ecient matte Adesed ——icromia MOUSE - SOUMANITON OW - LONDON - We: 
3 ) ’ é elephone: HOLborn 9988 
aging director of the Swedish Atomic Energy BRANCHES AND DEALERS: Manchester Birmingham Bristol Newcastle 
Company. Leeds Glasgow Southampton Belfast Dublin 
— I should like to express appreciation of NUCLEAR Many low-cost, 
POWER and hope that the Chamber may continue to Sancteienned ‘oe counal 
have the pleasure of receiving it. 4 TELE-VOICE recording 
| Stauons instrument— 
British-Swedish Chamber of Commerce N, PARSONS , 
i6 | in Sweden, Stockholm | the EDISON 
les TELE-WRITER 
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Modern steel-founding is a blend of 
craftsmanship, art and technology, all 
of which are applied in the Osborn 
foundries to produce castings ranging 
from a few pounds to several tons in 
weight. 

Castings in carbon and alloy steels are 
manufactured for many industries in- 
cluding General Engineering, Mining, 
Quarrying, Oil Refining, Dredging, 
Chemical and Electrical Engineering, 
etc. The Company's reputation as 
steelmakers ensures that only the 
finest steels are used for these castings, 
which are sound throughout and of the 
ultimate standard of quality. 











Osborn steel castings are used in this 6-cwt. 
Hayward Tyler - Byron Jackson six stage ‘ Multiplex ’ 
pump. Inset illustrates core used for casting the 
lower half of casing. 


NN FINE STEELMAKERS STEELFOUNDERS ENGINEERS’ TOOLMAKERS 
SAMUEL 


CUR CRE ws se.. Lime tes 
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Bone of Contention 


Atomic energy is really quite a controversial 
subject although one would never think so 
to judge from the numerous carefully-writ- 
ten articles from official and _ industrial 
sources. Hints of disagreement sometimes 
emerge at discussions following learned 
papers but on the whole the general impres- 
sion is of a lot of people working away 
steadily in perfect amity on all subjects at 
all levels. The whole history of science and 
technology shows, however, that this is in- 
consistent and that somewhere there must be 
bones of contention at least as large and 
hard as those gnawed by successive genera- 
tions of scientists from Aristotle onwards. 
Science, in fact, thrives on controversy and 
now that atomic energy is to a very large 
extent declassified there is no reason at all 
why arguments which have for years gone 
on in private should not be publicly aired. 
This is certainly done in other fields of 
engineering and undoubtedly provides a 
valuable stimulus to thought. 

For these reasons we welcome in this issue 
the article by Mr K. L. Stretch who, as 
works manager at Calder Hall, was in a good 
position to assess the many problems in- 
volved in the building and operation of a 
large nuclear power station, and who, in his 
present position with the National Coal 
Board, is well equipped to see the nuclear 
power programme in relation to the wider 
one of energy resources. Mr Stretch pulls 
no punches and while we do not necessarily 
agree with all his points, many of them seem 
to warrant serious consideration and further 
thought. 

In the UK we have achieved a very 
notable success in atomic energy on a rather 





1958 


narrow front by using a unique kind of 
collaboration between government and in- 
dustry. But just because it has worked fairly 
well up till now, this does not mean that some 
other type of approach would necessarily 
have failed or that the system we have must 
be perpetuated as a permanent feature of 
our industrial scene. Indeed, there are signs 
that we may be approaching the point where 
some kind of change is desirable. There are, 
for example, the views that the AEA should 
begin to take a back seat and hand out more 
research and development work to industry, 
that industry should play a larger part in 
fuel production and reprocessing, that the 
CEGB should take a much bigger hand in 
actually designing power stations, that more 
use should be made of consulting engineers, 
that reactor groups should be given more 
encouragement to plan and build advanced 
reactors on their own initiative. 

All these proposals are fraught with diffi- 
culties and dangers, are unlikely to find gen- 
eral acceptance, and are even mutually ex- 
clusive. But they are the sort of thing people 
talk about. Also they can only be discussed 
intelligently within the context of national 
security, public safety and the general econo- 
mic policy. Nevertheless, there is discernible 
at the present time a certain lack of direc- 
tion or loss of momentum in nuclear power 
and this impression the British papers at 
Geneva did nothing to dispel. 

It would be too much to expect an actual 
programme for, say, the period 1965-70 
since technical development is moving so 
fast, but the trouble is there doesn’t even 
seem to be a policy. Perhaps there really is 
one: but if there is, it is apparently classified. 


NUMBER 32 


REMOTE HANDLING EQUIPMENT 


SAVAGE AND PARSONS LIMITED 
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Export No 2; no decision yet 

The tenders for a 150 MW gas-cooled 
graphite-moderated nuclear power sta- 
tion in Japan by three British consor- 
tia—the General Electric, English Elec- 
tric and AEI-John Thompson groups- 
will be opened in Japan at the begin- 
ning of December. They were delivered 
last summer but have remained sealed 
while Japanese scientists familiarized 
themselves with the various design as- 
pects of atomic power plants. To help 
them in this the Atomic Power com- 
pany of Japan held discussions recently 
with delegations from the three British 
groups in a series of conferences and re- 
corded the questions and answers on 
tape for study at leisure. Scientists, 
government officials and experts from 
the company are now running through 
the tapes and expect to be ready to open 
the tenders in December. Negotiations 
will then begin on points such as guaran- 
tees, credits and the proportion of the 
station which could be made in Japan and 
a contract is unlikely to be signed before 
next January or February. It is re- 
ported that of the tenders—the 
English Electric group’s—foresees the 
manufacture in Japan of at least half 
the contract and offers extended pay- 
ments for the other half, with interest to 
vary directly as the Bank of England 
rate; also that the special strengthening 
against earthquakes would add 1 or 2 
pe to cost and only a few weeks to con- 
struction time. 
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Chapelcross No 1 goes critical 

The first of the four reactors at the 
Atomic Energy Authority's Chapelcross 
nuclear power station went critical on 
Nov 9. It is now working at low power 
and undergoing tests preparatory to get- 
ting up to its full rating of 45 MWe; 
sometime next year it will start feed- 
ing power into the National grid. The 
remaining three reactors are expected to 
go into operation at quarterly intervals 
and all four should be working by the 
end of next year. This news of the start- 
ing up of Britain’s second nuclear power 
station comes two years after the first 
reactor at Calder Hall went in operation. 


Three directors quit APC 

Leon Bagrit, managing director of Elliott 
Brothers and Elliott Automation, has re- 
signed from the Board of Atomic Power 
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the month in atomic energy 


Constructions, in company with Dr 
Lawrence Ross, also a director of Elliott’s, 
and Alan Mais, a director of Nuclear 
Civil Constructors. Alan Mais is also 
joint managing director of Trollope and 
Colls, which together with Holland & 
Hannen and Cubitts Ltd forms Nuclear 
Civil Constructors. 

The firms making up APC, which was 
formed early in 1957 as the fifth of the 
UK nuclear consortia, are Richardsons 
Westgarth (turbo alternators, gas blowers 
etc), International Combustion (pressure 
vessels, heat exchangers etc), Crompton 
Parkinson (electrical equipment), and 
Fairey Aviation (fuel elements), besides 





Elliott Brothers (instruments) and Nuclear 


Civil Constructors (civil engineering). 
Elliott’s now appear to have no direct 
link with APC and evidently want to 
take a more independent line in future. 


Enquiry forced on Dungeness 

The Minister of Power has decided to 
hold a public enquiry starting Dec 16 
into the CEGB’s proposal to build its 
fifth nuclear power station at Dungeness 
in Kent. Objections have been voiced 
to the plans for running transmission 
times from Dungeness to a substation 
at Lydd, and to a compulsory Purchase 
Order which has been made for land 








Final assembly at Dounreay 


views of the fast breeder reactor 








With the inner breeder blanket of natural-U rods in place [top left] the core 
skirt which contains the enriched fuel is lowered into the centre [top right]. 


Below is the complicated arrangement of rotating eccentric shields giving access 


to any fuel element. Initial trials of the reactor are due shortly 
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at the projected site of the power station. 

Public enquiries on proposals to build 
nuclear power stations have become stan- 
dard practice. They were necessary for 
the first four CEGB stations and objec- 
tions have already been received to the 
latest project—at Sizewell in Suffolk, The 
Dungeness enquiry will be the first since 
the decision was made to modify the 
CEGB stations so that they could pro- 
duce weapon-grade plutonium if neces- 
sary. 


Work starts on AGR 


Construction of the Advanced Gas- 
cooled Reactor project at Windscale has 
now begun and target for completion is 
mid 1961. Firms participating are: Whes- 
soe—reactor vessel, English Electric— 
turbo-alternator and associated equip- 
ment, International Combustion—heat ex- 
changers, Babcock and Wilcox—contain- 
ment building, Hick Hargreaves—dump 
condenser, Mather and Platt — feed 
pumps, Whatlings— building and civil 
work. In addition, Ewbank and Partners 
Ltd (London) have been retained as con- 
sultants on the turboalternators and the 
part of the steam plant within the tur- 
bine hall. The project will provide ex- 
perience for (a) design of the next round 
of commercial stations and (b) assess- 
ment of the possibilities of this type of 
reactor, which uses ceramic fuel canned 
in beryllium, for nuclear marine pro- 
pulsion. 


Atomic law to go beyond reactors 
The possibility of extending compulsory 
licensing and insurance to other nuclear 
installations besides reactors as atomic 
energy develops further is envisaged by 
the Ministry of Power; their Nuclear In- 
stallations (Licensing and Insurance) Bill, 
which is now going through the Lords, 
will enable them to do this by Regula- 
tions, At first the only installations likely 
to be affected by the Bill will be the 
Central Electricity Generating Board 
nuclear power plants and any privately 
owned reactors such as AEI’s Merlin at 
Aldermaston, It places on reactor owners 
the liability to pay compensation for 
personal injury or damage to property by 
radioactivity even when due to unavoid- 
able accident. The liability will be 
limited to £MS for each occurrence and 
the owner will have to cover this by 
insurance ‘or other means.’ In the un- 
likely event of claims exceeding £MS, 
Lord Mills says, Parliament itself would 
have to determine how they should be 
dealt with. The Atomic Energy Authority, 
as a Government department, will be un- 
affected by the Bill and its liability for 
any damage due to its reactors will re- 
main unlimited. Other reactors excluded 
will be those for propulsion units in ships 
or aircraft, 
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A YEAR TO GO The jetty under construction by the Cementation Co for the 
Canada-India research reactor near Bombay in India will soon be finished; the 
reactor itself is due for completion by the end of 1959 





Under existing law claims must be 
made in England within three years for 
personal injury and six years for dam- 
age to property. Since damage due to 
radioactivity might result well after such 
periods the present Bill fixes the limit 
for all claims as ten years from the date 
of the accident. 


—_ AUSTRALIA—————_- 
Mary Kathleen ships first oxide 
The first shipment of uranium oxide 


from the Mary Kathleen mine is now 
on its way to the United Kingdom. The 
project, involving construction of a re- 
servoir, an ore processing works and a 
township in this remote corner of 
Queensland—no roads or water supply 
existed when ore was discovered in 1954 
—has cost about £M10 since the decision 
to go ahead two and a half years ago. 
The first oxide was produced last June 
and the mine has now been officially 
opened under the management of the 
Rio Tinto company. Its reserves have 
been estimated at not less than six mil- 
lion tons of ore containing about 14:3 
pe oxide; the UK Atomic Energy 
Authority supported the project through- 
out and placed an initial order of £M32. 


EGYPT 
Uranium, D.0 projects under study 


The Government is now actively looking 
into the possibility of producing its own 
uranium and heavy water and two In- 
ternational Atomic Energy Agency ex- 
perts are evaluating the situation. Egypt 
is rich in phosphates and they would 
like to know whether the extraction of 
uranium from these ores might prove a 
feasible and economic operation. One 
of the experts, B. V. Nevsky, who is go- 
ing to advise on this matter, is a mem- 
ber of the department of rare and radio- 
active metals of the Moscow Institute for 
Non-ferrous Metals. An ammonium 
nitrate fertilizer factory is now being 
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constructed at Asswan and the other spe- 
cialist, Dr Victor Thayer from the US 
will study the possibilities and the eco- 
nomic interest of producing heavy water 
by the electrolytic method as a by-pro- 
duct in the operation of the factory. He 
is a member of Atomic Energy Division 
of the Du Pont Company and is at pre- 
sent engaged as a heavy water expert at 
the American Atomic Energy Commis- 
sion’s Savannah River project. 


FRANCE 
Sub reactor abandoned 


Work on the natural uranium-fuelled 
reactor for a French submarine has vir- 
tually ceased. ‘It has not given the re- 
sults expected,’ say official sources in 
Paris; construction of the hull is to go 
on but the attempt to produce a nuclear 
submarine unaided by America is likely 
to be abandoned. The prospects of get- 
ting plans and fuel for a US power 
propulsion unit, however, look a little 
brighter following recent visits by Pro- 
fessor Perrin, High Commissioner of 
the atomic energy commissariat, to 
Washington and the visit to France of a 
US team of investigators to check up on 
the effectiveness of the French security 
system. If the American investigators 
make a favourable report the US ad- 
ministration may try to persuade Con- 
gress to carry out the offer of providing 
information on the American nuclear 
submarines which was made a year ago. 
If agreement should be reached the US 
Westinghouse corporation will be in a 
strong position to benefit; they have just 
signed an agreement for cooperation 
with Forges et Ateliers du Creusot—the 
first between US and French groups in 
the nuclear field—and a company 
capable of building complete reactgrs is 
to be formed in the near future, Westing- 
house already have agreements with 
companies in West Germany, Italy and 
Belgium (Newsdesk October), and should 
be able to take early advantage from 
deals like the US-Euratom agreement. 
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GERMANY 
Overtaking in ship research 


A combined reactor and research facility 
dedicated near Hamburg recently puts 
Germany well in the running for the 
development of nuclear-powered ship- 
ping. Consisting of a reactor core and 
four special purpose pools it was de- 
signed by US Babcock & Wilcox, and 
is the largest of its type so far; the re- 
search unit is 89 ft long and 20 ft wide 
and two of the pools are capable of 
operating at 5 MW. Instead of the con- 
ventional double pool arrangement four 
have been built in series. It was supplied 
under the ‘ Atoms for Peace’ programme 
and will use B & W fabricated fuel 
elements containing 20 pc enriched-U, 
which is the usual maximum concen- 
tration allowed for shipment abroad 
under terms of the programme. A ura- 
nium-aluminium alloy—45 pc uranium 
by weight—is used in plate-type fuel 
elements. Each of the pools has a spe- 
cial function: one consists of a standard 
pool with beam ports and _ thermal 
column; another has an exterior cham- 
ber for bulk shielding experiments in 
air, and the remaining two are a stor- 
age pool for the reactor core, and an 
experimental pool in which larger than 
average equipment and specimens may 
be immersed for irradiation. The faci- 
lity is owned and operated by the Society 
for the Utilization of Nuclear Energy in 
Shipbuilding and Navigation Inc and is 
the first reactor to be built in Europe 
expressly for marine applications. 


UNITED STATES——— 
Spevack and Goliath 


The series of court actions between the 
AEC and chemical engineer Jerome S. 
Spevack on the question of whether or 
not the Commission is entitled to pub- 
lish information about its heavy water 
plants—which use processes discovered 
by Spevack—is to culminate in a hear- 
ing by the Supreme Court. The Commis- 
sion is operating under a court order 
restraining it from divulging any details 
of the processes and say that this has 
had ‘a very substantial adverse effect on 
it.” Heavy water plants which had been 
opened to inspection by scientists and 
technicians have had to be closed again 
because they included features which 
might be covered by Spevack’s patent 
claim. For the same reason they had to 
examine about 1000 reports and reclassify 
forty of them. 

Jerome Spevack invented a dual tem- 
perature process of isotope concentra- 
tion in 1942. Four years later he deve- 
loped an improved process and in 1949 
showed the AEC how it could be applied 
for a heavy water plant. He filed a 
patent but it was put under ‘secrecy 
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order’ by the Commission, which pre- 
vented him from taking any steps toward 
applying for foreign patents. In February 
1957 the ‘secrecy order’ was rescinded 
and at the same time the AEC declassi- 
fied the details and announced its inten- 
tion of publishing. At this point Spevack 
took the matter to court and the battle 
is still going on. He is backed by the 
American Chemical Society and the En- 
gineers Joint Council, who regard the 
case as containing an important point 
of principle. 

AEC officials say that the restraining 
order ‘ greatly limited’ US participation 
in the Geneva conference and is restrict- 
ing its ability to cooperate with OEEC 
in its current studies of methods of con- 
structing heavy water plants. 


ALPR dedicated 


After having been run at low power for 
several weeks the Argonne Low Power 
Reactor will be formally dedicated on 
December 2 at the AEC’s National Re- 
actor Testing Station near Idaho Falls, It 
took just over a year to build, cost 
£1,980,000. The main point about this 
3 MWt direct cycle boiling water re- 
actor is that components of future ver- 
sions can be easily flown to remote areas 
for assembly on site—no part weighs 
more than 20,000 lb—and it will oper- 
ate continuously for three years on one 
fuel loading, producing 200 kW of elec- 
tricity and 400 kW for space heating, No 
excavation is mecessary: ALPR_ is 
mounted on a series of concrete piers 
supported by a concrete slab foundation 
to simulate the pile support construction 
that would be used, for instance, in Arc- 





tic permafrost regions. Housing is a 38 ft 
7 in. dia steel tank 50 ft above the 
ground. Problems like shielding and 
water supply have been got round by 
using ordinary gravel for the biological 
shield inside the reactor building, and an 
air-cooled condenser for the turbine ex- 
haust. The design is based on experience 
gained by Argonne National Laboratory 
with the BORAX programme of experi- 
ments. Present BWR’s have operated on 
a steam bypass control principle—i.e. 
reactor power remaining constant—but 
ALPR will soon have a further control 
system for automatically adjusting the 
power generation rate. It should thus re- 
quire a minimum of supervision, besides 
being simple and reliable to operate. 
Most interesting technical innovation is 
the use of aluminium both for fuel ele- 
ment cladding and the air-cooled con- 
denser, A new aluminium-nickel alloy 





A section of the air-cooled condenser is put into the ALPR tank through the air 

supply and exhaust opening. Perspective diagram below shows main lines of the 

3MWt boiling water reactor, the prototype of portable packaged plants for use in 
remote areas 
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X-8001 (1 pce nickel) developed by 
Argonne is employed not only for fuel 
element cladding, but for fabricating 
almost the entire core. It is expected to 
show good corrosion resistance at the 
ALPR operating temperature (440°F at 
plate surfaces) and reduce power costs, 
being cheaper to fabricate and process 
than most other cladding elements. The 
aluminium plate fuel elements are 
assembled into roughly 4 x 4 in. boxes, 
and the meat of the sandwich consists of 
highly enriched-U again alloyed with 
aluminium, this time containing 2 pc 
nickel. 


Mass production of BWR’s proposed 


A plan for a $M500 crash development 
programme of the boiling water reactor 
with the aim of making nuclear power 
economically competitive in the US by 
1965 has been disclosed by the General 
Electric company. It proposes manu- 
facture of fifty or more 5 MW packaged 
reactors on a mass production basis at 
$M4—44 each—delivery by GE to utility 
companies to begin in just Over a year 
—and a construction programme lead- 
ing to three full scale commercial plants 
of 450 MW or so by 1970. Cost of these, 
said GE’s vice-president, Francis K. 
McKune recently, would be $175-225 a 
kW with fuel costs of 1:7 to 2-2 mills 
a kWh. He declared that the scheme has 
been received ‘enthusiastically’ by ex- 
ecutives of several utility companies who 
have been contacted privately. It is now 
being presented to the Government and 
industry on a broad scale. 


Competitive by 1965 

Giving details, he said the scheme was 
divided into two parts: a development 
programme to make boiling water plants 
competitive with conventional 
stations in much of the country by 1970 
and in some parts as early as 1965, and 
a construction programme of small units 
to accelerate operational experience. Cost 
of the first part would be $M128 over a 
period of seven years, the money to be 
found largely by industry. By 1962 five 
‘developmental’ plants would be built, 
each designed to attack the problem 
from a different angle: (1) the 50 MW 
reactor the company’s Atomic Power 
Equipment Department is designing for 
the Humboldt Bay Power Plant. This 
plant will exploit the cost reduction 
potential of system simplification. (2) a 
25 MW compact plant to study cost 
cuts through reduction in physical size 
(3) another 25 MW high-power-density 
plant to investigate the possibilities of 
reducing capital cost by doubling power 
output per unit reactor core volume (4) 
a 100 MW or larger high-power-density 
plant to test power density limits ob- 
tainable in a medium size reactor and to 
provide a full-scale test of high power 
density fuel and (5) a 50 MW separate 
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nuclear superheater used as a ‘ hook-on’ 
reactor to an existing boiling water 
plant to demonstrate characteristics of 
a superheating reactor in conjunction 
with boiling water reactors. 

Next step in the programme would be 
operation by 1965 of three large-scale 
‘evolutionary’ plants to incorporate ad- 
vances made in the developmental plant 
series. These, which might include a 100 
MW natural-circulation plant, a forced- 
circulation 200 MW and a 325 MW 
superheater plant, to be competitive for 
the electric utilities that operate them 
by producing power at about 8} mills 
‘a kW hour. Finally, McKune said, 3 
‘target’ plants would be put into opera- 
tion by 1970 to produce power for 64 
mills a kW hour, 

For the second part of the programme, 
designed to give widespread operational 
experience of the BWR by the time that 
economic large scale plants became avail- 
able General Electric has already de- 
signed a small 5 MW plant based on the 
Vallecitos reactor. It is suitable for mass 
production and the company is prepared 
to build up to 25 and expects that other 
manufacturers would be able to at least 
match this number. 

1970 is the year fixed by the AEC for 
the achievement of competitive power 
by industry. ‘If we don’t better that 
date,” McKune said, ‘at least this plan 
provides that we'll hit it.” The company 
believes that the BWR is the most pro- 
mising reactor type and could give the 


US a decisive world lead in atomic 
energy development. 
RUSSIA 


A slow ride to the moon ? 

The idea of an atomic-powered space 
rocket is referred to by Anatoly Kar- 
penko, scientific secretary of the USSR 
Academy of Sciences’ commission on 
interplanetary travel, in the magazine 
Zvezda (‘Star’). He discusses the possi- 
bility of putting into orbit around the 
earth a small rocket with a nuclear gen- 
erator and an electric motor. Such a 
rocket, in Karpenko’s opinion, could fly 
into space in an unfolding spiral to ap- 
proach the Moon in five months. The 
propulsion system, Karpenko says, would 
have to be based on the principles of 
electric acceleration of reactive jet par- 
ticles. The electric energy to power such 
motors could be generated both by 
nuclear alternators and solar batteries 
installed in the space rocket. He recalls 
experimental investigations by Academi- 
cian Valentin Glushko who, on the basis 
of his theoretical studies, built an engine 
as far back as 1928 powered by separ- 
ately generated electric energy with the 
working medium made of various metals 
and electrically conductive liquids fed 
into the combustion chamber. 
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—INTERNATIONAL—— 
Seven experts will guide IAEA 


Any technical points arising out of the 
International Atomic Energy Agency’s 
programme will be dealt with in future 
by a seven-man advisory team. The 
decision to establish their own commit- 
tee was taken by the Board of Govern- 
ors in September and the question of 
membership has been settled by simply 
appointing the scientists who already 
serve on the Scientific Advisory Com- 
mittee of the UN. They are: Prof H. J. 
Bhabha (India), Sir John Cockcroft 
(UK), and Professors U. S. Emelyanov 
(USSR), B. Goldschmidt (France), B. 





New head for IAEA governors 





Twenty years a diplomat, Carlos 
Alfredo Bernardes of Brazil has been 
elected unanimously as chairman of 
the IAEA Board of Governors for the 
next year. He helped draw up the 
statute of the Agency in the original 
New York meetings in Sep 56, and has 
served since then as Brazil’s represen- 
tative to the Board of Governors. 


New vice-chairmen are Wilhelm 
Billig (Poland) and Nazir Ahmad 
( Pakistan) 





Gross (Brazil), W. B. Lewis (Canada) 
and [. I. Rabi (US). A spokesman for 
the IAEA says the duplication is delib- 
erate and intended to tie the Agency 
in still further with the United Nations. 
The committee has already got down to 
work; at a first meeting in New York 
on Nov 14 they started going over the 
long-range IAEA needs for technical 
facilities—including the proposed estab- 
lishment of a functional laboratory— 
looking round for fresh research activi- 
ties and studying the feasibility of one 
of the present proposals: an estimation 
of the world-wide distribution of hydro- 
gen-oxygen isotopes in water. 


US-Euratom target postponed 


The final move in the six months of con- 
stitutional and diplomatic manceuvres 
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John A. McCone, US AEC chairman, signs the agreement committing America to 
supplying Euratom with up to $M135 for reactor construction and enough fuel for 
20 years. Left and right are Italy’s Enrico Medi and M. Krekeleer of Germany 


developing Euratom’s cooperation pro- 
gramme with the US took place in 
Brussels on Nov 8 with the signing of 
an agreement. It follows the lines of the 
draft published in the summer (World- 
view August) providing for the con- 
struction of six to eight 100-1SOMW re- 
actors—probably pressurized or boiling 
water types—in the various Euratom 
countries by 1963. The US is supplying 
Euratom with enriched fuel for the re- 
actors on deferred terms and a credit of 
up to $M135 for construction which will 
be reloaned to the countries concerned; 
this amounts to just over a third of the 
total estimated cost of the programme. 
One of the reasons for the lengthy 
negotiations was Euratom’s insistence on 
inspection rights and America’s reluc- 
tance to relinquish them, The US has 
finally given way on this point and in- 
spection and control will be the exclu- 
sive responsibility of Euratom. But it 
may now be too late to reach the 
original figure of 1000 MW installed 
capacity by 1963 and the agreement just 
signed specifically recognizes that the 
target date may have to be put back 
by two years. 

The Joint Atomic Energy Committee 
of Congress is expected to give its final 
approval before February 1 and talks 
between Euratom and US experts have 
already begun: it is hoped that prepara- 
tions for construction of the first re- 
actors will be completed during 1959. 
The next step is for private industry in 
the Euratom countries and the US to 
submit proposals for reactor projects. 

The agreement gives some pretty solid 
benefits to both sides: Euratom coun- 
tries will get a cheap boost to their 
atomic power programmes; America 
will gain experience on large scale re- 
actors which the lower cost of conven- 
tional power in the US makes it less 
economical to build there—and incident- 
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ally get a firm foothold for her future 
atomic export market. 

At the end of the Brussels signing 
ceremony John A, McCone, US AEC 
chairman, presented Euratom with a 
19,000 volume library on atomic energy. 
15,000 of the volumes are in fact micro- 
films and a reading machine went with 
them. The library will be kept up to 
date with periodic supplements by the 
AEC. 


WORLDBRIEFS 


@ Antarctica A $MS5 nuclear power 
plant is to be constructed by the US at 
McMurdo Sound. 

@ Belgian Congo The US General 
Atomics TRIGA research reactor which 
was exhibited at the Geneva conference 
has been bought for the University of 
Lovanium at Leopoldville. 

@ Brazil The University of Minas 
Gerais at Belo Horizonte has ordered a 
30-100 kW _ wrriGa reactor from US 
General Atomics. It will be a_ below- 
ground version. 

@® France Industrial groups plan to 
start bidding now for the first nuclear 
power stations to be built in Holland 
and West Germany; they will offer gas- 
cooled graphite-moderated reactors. 

@ France The 2500 MeV synchrotron 
SATURN has been inaugurated at Saclay. 
@ Ghana It is reported that the govern- 
ment plans to investigate the possibility 
of establishing a cheap and relatively 
small nuclear power station in Ghana. 
@ Italy An official ground breaking 
ceremony for the nuclear power plant 
to be built by the UK Nuclear Power 
Plant Co will take place at Latina on 
Nov 20. Work on survey and approach 
roads for the station has already begun. 
@ India The contract for a heavy water 
plant has gone to a German firm— 
Linde’s Eismaschinen. 
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@ Japan The Atomic Energy Researcn 
Institute has retained the Internuclear 
Co of Clayton, Missouri, US, to provide 
engineering services connected with plans 
to buy a power demonstration reactor. 
@ Norway The Oslo Utility company 
is sponsoring a study of plans for an 
atomic heating plant for the city. 

@ New Zealand A white paper on the 
power situation states that natural sources 
of power will render atomic power un- 
necessary and uneconomical for some 
years to come. 

@ Russia Dr Mikhail Lavrentyev, leader 
of the Siberian section of the Academy 
of Sciences said recently that a ‘tremend- 
ous success” has been achieved in fusion 
research. 

@ Russia As foreshadowed in World- 
view Sep, nuclear power is apparently to 
play only a comparatively insignificant 
part in the new seven year plan announced 
by Prime Minister Khruschev to the 21st 
Congress of the communist party re- 
cently. He spoke about ‘far reaching 
measures for the peaceful applications of 
atomic energy’ and a number of nuclear 
stations with ‘ different types of reactors.” 
@ United Kingdom Headed by Ladislav 
Rehacek, deputy Minister of Power and 
Water Supply, a group of Czech techni- 
cians recently visited Calder Hall and 
the Bradwell site. Rehacek said power 
demands in Czechoslovakia were doubl- 
ing every seven years and nuclear power 
was needed, particularly in Slovakia, 
where industry is rapidly expanding. 

@ United Kingdom In a five day visit 
John McCone, chairman of the US AEC 
and Dr Willard Libby, a member of the 
commission, toured nuclear power sta- 
tions and held discussions with the 
Atomic Energy Authority. 

@ United Kingdom The Tube Invest- 
ments Technological Centre at Walsall 
has fabricated a small bore beryllium 
tube of sufficient ductility to permit 
bending it on a 5-inch radius. The tube 
is of 0-300 inches bore with a wall thick- 
ness of 0-040 inches. 

@ United Kingdom A nuclear power 
station simulator is to be built by Elliott 
Bros (London) Ltd for the CEGB; it 
will be used for training operators for 
the Berkeley and Bradwell stations and 
subsequent stations of similar type. 


@ United States The AEC has invited 
proposals from industry for research and 
development programmes and a design 
for a fast breeder reactor using a plu- 
tonium oxide-uranium fuel cycle. The 
objective is to get cheaper power from 
FBR’s by reducing fuel cycle costs. 

@ Uruguay The UTE—General Admin- 
istration of Electrical Works and Tele- 
phones—is actively considering the use 
of nuclear power stations of about 100 
MW capacity. 
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DESPITE THE GREAT FUTURE 
for the generation of power from 
nuclear fuel, it is important to realize 
that the full potential value will only 
be achieved if exploitation is kept on 
sound technical and economic lines. 
This problem is particularly critical in 
Great Britain, in view of our pre- 
carious economic position and the fact 
that the size of our industrial re- 
sources prevents us from carrying out 
the widely based programmes adopted 
by our main nuclear competitors. 
Technically, Britain’s present leading 
position in nuclear generation is a 
tribute to the sound lines followed in 
the development stage of the art, but 
some of the forecasts being made 
raise doubts whether the economic 
exploitation is being well planned. 
Our present need is not for a series 
of Great Easterns—technically out- 
standing and well ahead of any com- 
parable overseas effort but financial 
and operational failures—but for a 
steady build-up of power resources to 
provide the manufacturing capacity by 
which we live with as cheap a source 
of power as possible. It is therefore 
essential to examine the briefs being 
presented to see if the very optimistic 
forecasts are indeed justified. 


Is Hinton correct ? 


The starting point for such a dis- 
cussion must be Sir Christopher 
Hinton’s Axel Johnson Lecture given 
in Stockholm in March, 1957 (/) par- 
ticularly as his opinion must carry 
great weight in the Ministry of Power 
and the projected nuclear programme 
announced seems based on the ana- 
lysis that he proposed there. The 
paper was indeed a valiant attempt to 
reduce crystal gazing to a science. Un- 
fortunately Hinton’s high reputation 
has discouraged the ruthless examina- 
tion of figures, assumptions and tech- 
niques, which a paper of this im- 
portance demands. As a result, his 
suggestion that nuclear power would 
be cheaper than coal-based power by 
about 1965 is now quoted as an 
established fact and the whole of our 
power generating programme is being 
geared to it. The first part of this 
article is a critical review of his 
analysis, leading to the conclusion 
that it is grossly over optimistic and 
that planning on such a basis would 
seriously prejudice this country’s 
economic future. In fairness one must 
admit that Hinton himself would 
already appear to be hedging some of 
his forecasts, possibly in the light of 
his translation to the CEGB. The 
second part will suggest some aspects 
of the nuclear programme which need 
greater attention if it is, in due course, 
to be the technical credit to Britain 
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and economic 
should be. 
Hinton plots the cost per h.p. of 
steam and diesel engines reduced to 
1954 prices (figures 1 and 2), and 
deduces that technical advances can 
be expected to produce halving times 
for the cost of such capital equipment 
of the order of 20—40 years. The 
analysis clearly depends on_ the 


salvation which it 
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Capital cost of steam power stations 
on 1954 equivalent—Hinton (Fig |) 


method of correcting for the changing 
value of money, but sufficient figures 
are included to deduce the conversion 
factors used. 


The real cost of engineering products 

One method of testing this thesis is 
to assume that it is valid and apply 
it to one’s own experience in design- 
ing and ordering mechanical equip- 


ment. It has been a common esti- 
mating practice to calculate on 1939 
prices and correct them for the rapid 
rise in costs between then and the 
expected time of delivery. The trend 
postulated would suggest that engin- 
eering equipment should have shown 
a drop in price in real terms by a 
factor of about 0-7 between 1939 and 
1954, which, applying the conversion 
factor for the fall in the value of 
money of 2:4, would suggest that com- 
parable mechanical equipment could 
be bought in 1954 for 1-7 times the 
1939 price. The author’s own experi- 
ence over just this period is that the 
correct conversion factor to give the 
1954 actual money prices should be 
about double this figure, and most 
private indices consulted give factors 
of the same order. Such a discrepancy 
suggests that there must be a serious 
error in either the predicted rate of 
reduction in cost due to technical 
advance or in the price correction 
factor. 


Why cost figures are unrealistic 
Examination of the data given for 
figure 1 quickly indicates a reason 
why the slope deduced may be, quite 
inaccurate. The details given show 
this is not an assembly of comparable 
prices from which any trend can be 
deduced but a motley collection of 
unrelated prices which do not warrant 
their description as data on steam 
power stations. Only the most recent 
point approaches that description, 
and the exact content of the price 
even here is not defined. The re- 
maining points are an odd collec- 
tion of different types and sizes of 
engine, some with boilers and some 
without, with no common factor but 
steam as the operating fluid. So far 
from this arbitrary assembly justifying 
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As “Works Manager 
of Calder Hall from 
1954-1957 Kingsley 
Lewis Stretch was 
responsible for re- 
cruiting and train- 
ing operations staff, 
inspection during 
construction, com- 
missioning and run- 
ning the station. 
He left the AEA in 
September, 1957, 
to rejoin the NCB 


power programme 





vear 


Capital cost of land-based oil engines 
on 1954 equivalent—Hinton (Fig 2) 


the deduction of any trend, as wide a 
scatter could be obtained from quo- 
tations at any one given date. 

Figure 2 looks more coherent, but 
the trend indicated cannot be attri- 
buted to technical advances: other 
factors must first be discounted. Over 
the 30 years spanned, variations in 
type and duty, size and quantity, of 
the engines provided would, and 
probably did, produce shifts in the 
average cost per h.p. as great as those 
recorded. As the last two factors in 
particular have both been operating 
and both tend to reduce the costs 
quite independently of any technical 
advance, it is safe to say that the rate 
of reduction in capital cost due to 
technical advance is very much 
smaller than that predicted. 
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Size is the main factor 


In fact it seems probable that the 
entire gain indicated can be attributed 
to the steady increase in size, if it 
can be assumed that these units follow 
something approximating to the 0°6 
power law, which is often used for 
scaling up costs in large process 
plants (2). Moreover the same factor 
would fully explain away the reduc- 
tion in capital cost referred to in 
Strath’s Geneva paper (3). While this 
increasing size factor might indeed 
continue to operate for a time, it is 
doubtful whether it is wise to aim at 
even larger units than those now 
being installed (about 250 MWe per 
reactor) until the reliability in service, 
and therefore the plant availability, 
has been more rigorously proved, The 
advantage in capital costs may well 
be completely offset by the cost of 
keeping coal-fired stations standing 
by in case large blocks of generating 
capacity were suddenly taken off the 
system. 

It is fair to say that the type of 
analysis proposed in the Axel John- 
son paper is a useful approach to the 
problem of forecasting trends, but that 
unless the facts are more carefully 
assembled and the analysis is carried 
out more critically—for instance by 
ensuring that the figures relate to 
comparable machinery and that they 
have been properly corrected for non- 
technical factors—they cannot justify 
the value at present being attached 
to them. In fact such detailed ana- 
lysis seems likely to indicate that, 
apart from the effect of increasing 
size or numbers, there is no overall 
trend at all. Specific technical ad- 
vances may give sudden variations in 
any given technology, but the effect 
over a period of years varies in a ran- 
dom way between different classes of 
machinery. However, consideration of 
the effect of the factors which have 
been ignored, and comparison with 
one’s normal experience, indicates that 
the trend deduced is very over- 
optimistic. 


Comparison with coal unfair 


In the analysis of the fuel costs of 
the two types of station, neither the 
rate of rise of coal costs nor the fall 
of nuclear fuel costs has any justifi- 
cation at all. Hinton’s graph (figure 
3), which is used to predict the fuel 
cost in coal-fired stations, is inaccurate 
in starting point and trend. It shows 
a coal price in 1957 of 90s. per ton 
in 1954 values. In fact the CEGB 
report for that year indicates that the 
actual cost of coal was just under 80s. 
in 1957 values. It also suggests a 
doubling time for the cost of coal of 
about 25 years, despite the fact that 
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Estimated rise in cost of coal on 1954 
equivalent—Hinton (Fig 3) 


the text admits the unreliability of 
using this particular short time base. 
Figure 4 shows a more accurate 
analysis taken from the Coal Board’s 
own records over the past 75 years, 
giving a doubling time in real terms 
of about 70 years. Hinton’s estimate 
of costs from conventional stations 
(Table 1), therefore, charges them 
with fuel costs which even at the 
earliest date are too high and rise at 
far too rapid a rate. 


The cost of high burnup 

Against this, the cost of nuclear 
fuel is shown falling at an equally 
dramatic speed (Table 2). No evi- 
dence has yet been produced to justify 
such a forecast, and there are, indeed, 
many indications to the contrary. 
Although the AEA has released little 
information on this subject, it should 
be safe to take their latest published 
figures and assume that, from that 
source, they will be by no means 
biased against nuclear fuel. Jukes 
in his Geneva paper (4) quotes a fig- 
ure of £20,000 per ton for natural 
uranium fuel, one that is similar to 
Hinton’s starting point; but Jukes 
clearly indicates that this is the price 
for Calder Hall-type fuel elements, 
which are not irradiated to the 3000 
MW4d/Te needed to produce Hinton’s 
fuel cost of -24d/unit. While there is 
no reason to doubt that methods of 
attaining 3000 MWd/Te will be 
found, there is equally no reason to 
assume that the improvements needed 
to achieve this figure will have no 
effect on the cost. While advances in 


Revised cost of coal graph (corrected 
to 1954 prices) from NCB figures— 
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COMMISSIONING DATE 1960 1970 1980 1990 COMMISSIONING DATE 1960 1970 1990 
Depreciation on interest on Depreciation and interest on 
capital 0°12 0-11 0°09 0°08 capital 0°12 0°11 0°09 0°08 
Fuel costs 0°44 0°52 0°60 0°72 Fuel costs 0°40 0°39 0°38 0°38 
Operating expenses 0°04 0:04 0°40 0-04 Operating expenses 0°04 0°04 0°04 0°04 
Total 0°60 0°67 0°73 0°84 Total 0°56 0°54 0°51 0°50 
TABLE Il From nuclear stations—Hinton TABLE IV From nuclear stations—Stretch 
COMMISSIONING DATE 1960 1970 1980 1990 COMMISSIONING DATE 1960 1970 1980 1990 
Depreciation 0°37 0°30 0°26 0-22 Depreciation 0°37 0-30 0°26 0°22 
Interest on fuel charge 0°06 0°04 0°03 0°02 Interest on fuel charge 0°06 0°04 0°03 0-02 
Fuel replacement charge 0°24 0°13 0°08 0°06 Fuel replacement charge 0°24 0°24 0°24 0°24 
Operating expenses 0-06 0°05 0°04 0:03 Operating expenses 0°06 0°05 0°04 0°03 
Total 0°73 0°52 0°41 0°33 Total 0°73 0°63 0°57 0°51 
Credit for Pu in irradiated fuel 0°07 0-05 0°03 0°01 Credit for Pu in irradiated fuel 0°07 0°05 0°03 0-01 
Net 0°66 0°47 0°38 0°32 Net 0°66 0°58 0°54 0°50 


metallurgy have contributed largely 
to reducing capital costs where the 
cost of the metal is only a small frac- 
tion of the total cost of the plant 
and is more than off-set by the in- 
crease in performance, a different re- 
lation will exist where the metal is 
the fuel itself, and so an increase of 
cost to attain higher performance will 
affect the whole cost of the fuel. The 
assumption which is inherent in Hin- 
ton’s fuel figures, that the higher irra- 
diations can be achieved with no 
increase in cost of the fuel, has no 
evidence to support it, and is in con- 
flict with the normal experience of 
metallurgical progress. 

It is also questionable whether the 
plutonium allowances at present being 
postulated are in fact justified by any 
foreseeable non-military use. In fact 
reprocessing costs, particularly with 
more robust canning materials and 
alloyed fuel, may more than off-set 
any theoretical return from this 
source. 


Plant availability vital 


It is, above all, inaccurate to com- 
pare nuclear- and coal-fired costs, 
basing those for nuclear stations on 
base load working and leaving the 
coal-fired stations to pick up the en- 
tire peak load. Such costing is no 
doubt legitimate within an existing 
organization to determine which of 
a given range of stations should 
handle which part of the load, but it 
is quite unrealistic to claim that 
nuclear power is cheaper than coal- 
fired power if the former is allowed 
to cream the load. Moreover no 
analysis is made of the vital problem 
of plant availability, which will 
assume greatly increased importance 
with nuclear stations in view of the 
large block of power which is tied to 
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costs are in pence per kWh sent out 


a single source of heat. The effect on 
this factor of introducing the moving 
machinery necessary for charging and 
discharging on load is quite inade- 
quately discounted, particularly as it 
marks a complete change from the 
policy successfully used at Calder 
where, during power operation, the 
only moving items inside the reactor 
were the control rods. 


Parity with coal not till 1980’s 


It is also unfortunate that all the 
costing is carried out on an artificially 
low scale of capital charges, which 
has already encouraged far too much 
soft thinking in this country on the 
size of return which should be expec- 
ted from capital investment. Lastly, 
and possibly most important of all, 
the nuclear stations are not yet carry- 
ing their full research and develop- 
ment charges, if indeed they are 
carrying any at all. While the coal 
fired stations carry the full cost of 
any such development, the cost of the 
work carried out by the AEA is 
charged not to the nuclear stations 
but to the tax-payer, while it is prob- 
able that a considerable proportion of 
the overhead costs of developing and 
designing nuclear power, even within 
the consortia are charged on to the 
conventional stations. 

All these factors indicate ways in 
which the picture as presented by 
Hinton in Tables 1 and 2, is seriously 
biased in favour of nuclear power. 
Not all of them are reducible to 
arithmetical terms, as either the in- 
formation for the full analysis is lack- 
ing or the basis for forecasting is too 
weak to stand the strain. 

Tables 3 and 4, which give revised 
figures for Hinton’s Tables, have been 
prepared by accepting his analysis in 
full for all factors except fuel charges, 
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despite the probability that his rate of 
reduction of capital cost and pluton- 
ium credits are too favourable to 
nuclear power. Having credited 
nuclear power with this, it is reason- 
able to withhold any further advan- 
tage from quite unfounded predic- 
tions on nuclear fuel costs, and to 
correct the forecast of coal fuel costs 
to fit the more reliable figures avail- 
able. These revised figures indicate 
that nuclear power will only be eco- 
nomically competitive with coal based 
power in 1980/90. Clearly it is pos- 
sible to hope that some unforeseen 
technical change may bring the date 
somewhat earlier, but Tables 3 and 4 
can be taken to represent more accur- 
ately present knowledge and present 
trends. One must also remember that 
any major technical advance may, 
while favouring nuclear power against 
coal-based, favour other forms of 
nuclear reactor rather than the gas- 
cooled graphite-moderated type. 


More experience needed 


It is, therefore, extremely rash for 
this country to rush into building a 
large number of obsolescent nuclear 
stations in the belief that they will 
solve the fuel problem, Until near the 
changeover period only enough 
should be built to enable us to con- 
tinue to acquire operational experi- 
ence, and to assist the initial build-up 
of nuclear fuel. The latter may not 
be economically justifiable, but it may 
be essential for the UK to compete 
with the American and Russian pro- 
duction of high grade nuclear fuel 
from very much cheaper sources of 
electrical power. It is misleading to 
suggest that any larger programme 
will be a cure for the existing power 
shortage, even if that phantom really 
exists. For a much longer period than 
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is now being suggested the building 
of nuclear power stations will in- 
crease the cost of power, and this in- 
crease in cost is only justified by the 
more distant prospects. 


Our wasteful fuel habits 


As far as the short term prospects 
over the next 10 years or more are 
concerned, a vastly better solution is 
to concentrate on a more economical 
use of the existing sources of fuel. It 
is likely that such factors as the rent 
de-restriction and clean air acts will 
have a much greater effect on our 
fuel position, by providing economic 
benefits for the efficient use of fuel 
and sanctions against wasting it, than 
nuclear power can do at the present 
stage. Most of the forecasts of fuel 
requirements are based on extrapolat- 
ing from existing usages. These figures 
have been assembled during a period 
when coal has been cheap and the 
country has adopted habits of using it 
wastefully, so there is no cause to 
rush into panic measures to allow our 
industrial expansion to be based on 
the same bad practices. It is much 
better to correct the existing faults and 
encourage a more conservative and 
economical use of existing resources, 
so that the needs of expansion can 
be handled without the need for un- 
economical remedies and, at a later 
stage, the rate of expansion now pos- 
tulated can be maintained with a 
smaller fuel demand. 


The problem of management 


Meantime, there is no disagreement 
that in time the change over to 
nuclear power being the more eco- 
nomic source must indeed take place. 
In fact anyone viewing our economic 
position must be anxious to bring it 
forward, as the sooner one can avoid 
burning our best chemical raw 
material to provide heat, the sooner 
the country will be more soundly and 
securely. based. It is worthwhile, 
therefore, to turn to some discussion 
of aspects of the nuclear programme 
which need more attention if this is 
to be driven forward as quickly and 
efficiently as possible, 

Neither the AEA nor the Fleck re- 
port (5) show any sign of realizing 
either the importance of a rapid rise 
in the operating standards on our in- 
dustrial reactors, or of what is the 
root of the existing trouble. While an 
improvement can be expected when 
the CEGB plants start operating, 
with the Board’s greater background 
of operating to the high standards 
normally expected in public utility 
organizations, the present delay in 
achieving those standards will have 
serious repercussions on the whole 
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nuclear development programme. 

The heart of the problem is the 
quality of the management on the 
plant, the provision of adequate staff 
to enable the works management to 
carry out its duties efficiently, and the 
provision of a superstructure above 
the works management which, while 
providing the necessary control and 
service facilities, still enables the 
Works Manager to discharge his 
duties efficiently. A mere increase in 
the titles, salaries and numbers of the 
upper echelons of the hierarchy may 
indeed be detrimental to the efficient 
management of the plants by distract- 
ing the Manager from his duties and 
by encouraging the promotion of sec- 
tional interests, which are fatal to the 
integrated and safe control of the 
plant. 

The provision of adequate opera- 
tional management is particularly im- 
portant for two main reasons. The 
first, particularly vital at the develop- 
ment stage, is that a rapid and accur- 
ate feedback of operational experi- 
ence is essential if development is to 
be kept on the right lines. While 
initially a technology must be based 
on research work in the laboratory 
and design work on the board, once 
it reaches the operating stage major 
developments depend largely on the 
results of full scale operating experi- 
ence. The widespread belief in the 
AEA that all engineering progress is 
made in the drawing office and 
laboratory is very far from the truth. 
It is disturbing to note in Sir Leonard 
Owen’s Geneva paper (6) that this 
fallacy is still believed—in his inter- 
esting account of the method by 
which his design groups work there is 
no mention of liaison with the opera- 
tions branch at all. It is strange that 
in a sporting country such as our 
own, we should have forgotten the 
importance of the race-course test as 
a means of confirming or modifying 
the ideas of breeders and trainers. 


Weak links must be eliminated 


Moreover this lack of appreciation 
of the operational aspects of develop- 
ent work is a major factor in promot- 
ing some of the over optimistic esti- 
mates for nuclear power, as the time 
needed for rigorous operational 
proving is badly underestimated, and 
the economic consequences of a fail- 
ure in service are too easily glossed 
over. This testing assumes greater 
importance as nuclear reactors be- 
come more complex, as a greater 
allowance must be made for testing, 
both in time and over a wider range 
of operating conditions, to ensure 
that all weak links have been elimina- 
ted before the achievement of a suc- 


cessfully proved industrial design can 
be claimed. 

In carrying out this aspect of a de- 
velopment programme the quality of 
the operational staff is of overriding 
importance. Mere repetition of 
masses of figures or statements of 
what has happened is of little value 
in deciding the future course, What 
is needed is the clear analysis of what 
has happened in the light of the de- 
sign criteria and the scientific basis of 
the plant, so that any recommenda- 
tions and suggestions are digested and 
not conditioned by irrelevant or tran- 
sient considerations. This function is 
particularly important in a_ pro- 
gramme such as Britain’s which is ad- 
vancing on a narrow front and cannot 
afford to be misled by any false 
indications. 


Instrumentation is not enough 


The second important consideration 
is the establishment of safe operating 
standards for these plants. The 
nuclear industry has much to learn 
trom other branches of engineering, 
where there is a greater experience 
of operating complex engineering 
plant. Some of their potential dan- 
gers are markedly higher than the 
nuclear industry seems to realize, as 
they fail to appreciate that the danger 
is already being contained by the 
operational standards which have 
been established. Here again the 
problem is to obtain men who can 
understand and coordinate the com- 
plex as a whole, as incidents and 
dangers usually arise where there are 
misunderstandings or failures to co- 
operate between some of the inevit- 
ably separate functional aspects or 
responsibilities within the organiza- 
tion. 

It is, therefore, important to have 
a man capable of understanding the 
whole plant, and to ensure that he is 
provided with staff and authority to 
enable him to exercise integrated and 
effective control. Any idea that in- 
creased instrumentation and technical 
advances will automatically solve 
these problems is quite false, as is also 
the suggestion that paper chains will 
do the job. Indeed each new technical 
advance or additional piece of equip- 
ment increases the complexity of the 
whole, and makes the control problem 
more difficult. The Fleck recommenda- 
tions, based as they appear to be on 
the fallacy that the control of nuclear 
stations can be broken into a series 
of unit processes, miss this point, and 
the proposals will, indeed, make safe 
and efficient control more difficult. 
The primary problem is not a question 
of containing an incident when it oc- 
curs, although arrangements must be 
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made for doing this, but of ensuring 
that the plants are operated so that 
incidents do not occur. 


More test facilities required 


Greatly increased resources should 
be devoted to establishing, and pro- 
moting throughout industry, the very 
greatly increased standards of relia- 
bility which will be demanded of any 
items intended for use within the re- 
actor or its closely associated circuits. 
Consideration should be given to pro- 
viding extensive inactive testing facili- 
ties, possibly on the lines of aircraft 
engine type testing. Installing such 
items as charge and discharge gear, 
control gear, instruments and other 
components which must operate for 
long periods under onerous active con- 
ditions without such proving will lead 
to some very expensive correction at 
a later date. Power stations have had, 
to a large extent, to be their own test 
beds and in some aspects this will 
continue, but if this is necessary the 
economic assessment of such stations 
must be debited with some very high 
development charges. The cost of 
trouble on a reactor may be so high, 
particularly if the trouble is precipita- 
ted when it is on full load, that it may 
be cheaper to pay even the high price 
of such testing facilities as have been 
indicated to eliminate a large propor- 
tion of the snags before the equip- 
ment goes active. Clearly, like the es- 
tablishment of the standards of clean 
conditions needed in nuclear work, 
these reliability standards will ultim- 
ately spread their benefit throughout 
the whole of industry. But the initial 
effort and expenditure must come from 
the nuclear industry which has the im- 
mediate demand for the increased 
standards of performance. 


Where the GCR is best 


Some of the over-optimistic fore- 
casts of costs of nuclear power are 
likely to rebound very awkwardly for 
this country. Even if they give us 
some immediate tactical advantage in 
trying to sell our pattern of nuclear 
stations overseas, by basing our whole 
case on the illusion of cheap power we 
weaken our own competitive position. 
As long as overseas buyers are com- 
mitted to the country of origin for 
fuel and fuel processing, we shall 
always be in a disadvantageous posi- 
tion in relation to the US and USSR 
who, with cheaper power and a larger 
scale of operation and production, will 
always be in a position to undercut 
our fuel prices. Hinton puts this point 
very forcibly in his World Power Con- 
ference paper (7) by describing the sale 
of enriched uranium fuel for overseas 
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reactors as ‘ exporting electrical energy 
in the smallest and most convenient 
package ’. 

The one unquestionable advantage 
of the gas-cooled, graphite-moderated, 
natural uranium reactor is that it is 
by a very long way the best type for 
any country starting installing reac- 
tors and wishing to build up a bal- 
anced nuclear industry of its own. 
Very probably many overseas coun- 
tries would not want to burden them- 
selves initially with fuel manufacturing 
and processing; but with the know- 
ledge and assurance that such assist- 
ance would be available when needed 
and that they were following the 
easiest route to the creation of a 
balanced nuclear industry, they would 
have much stronger reasons for pre- 
ferring the British pattern. Moreover 
it is important to widen the base on 
which our fuel manufacturing and 
processing is carried to ensure that 
competitive standards are met in the 
interests of our own nuclear power 
industry. 


Need for new-type consultants 


It is also important to consider 
whether the present consortia pattern 
is the best method of developing our 
nuclear industry. The most attractive 
alternative solution—that of building 
up adequate consulting services in this 
field—faces difficulties due to the fact 
that the consultants themselves are 
wedded to 19th century methods of 
professional work. There is, however, 
no reason why they should not main- 
tain their professional standards yet 
build up the greater financial and in- 
dustrial resources needed to stand on 
the same footing as the large, neces- 
sarily foreign-based, consulting-con- 
tracting organizations. As well as pro- 
viding overseas customers with an in- 
dependent advisory service on the 
selection of suitable equipment, we 
might, even within this country, get 
better service from organizations 
which are free to choose the best com- 
ponents or designs on purely technical 
grounds, rather than having to patron- 
ize their group’s own production units. 


Waste problems must be faced now 


Inadequate attention is being paid 
to the potentially serious problem of 
the large fission product disposal 
facilities which will be needed if the 
vast increase of nuclear power genera- 
tion being postulated throughout the 
world is to be implemented. The pre- 
sent economic assessment of station 
operation is based on the present cheap 
methods of disposal. These are toler- 
able at present, but will be quite in- 
adequate in the long term. There is 
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a danger that, like the problem of 
sewage on the South coast, the failure 
to provide adequate long term dis- 
posal facilities at an early stage will 
lead to either greatly increased expense 
or a steady deterioration in health 
standards at a later stage. It is import- 
ant, therefore, that this problem is 
faced now, despite the fact that it is 
not yet serious, because unless this 
aspect is included, a false picture of 
the real economics of nuclear genera- 
tion will be provided. Vague calcula- 
tions of the ultimate capacity of the 
ocean based on optimistic assessment 
of allowable irradiation are irrelevant 
to a problem which will be concentra- 
ted in a particularly dangerous fashion 
in the waters of the European conti- 
nental shelf. 


Britain’s great advantage 


These suggestions are made to try 
to improve the balance of Britain’s 
nuclear development programme. 
Great Britain has gained a great tech- 
nical advantage in the way she has 
made up lost time and by the Calder 
Hall development put herself in the 
forefront of nuclear development. It 
would be tragic if unsound analysis 
of the economic prospects or attempts 
to snatch quick returns, political or 
economic, should deflect attention 
from the true position and the amount 
of work still needed to be done before 
economic exploitation is possible, and 
we should lose the advantage that has 
now been gained. It is worth remem- 
bering that while there was nothing 
wrong in the idea of increasing the 
production of vegetable oils in Cen- 
tral Africa as a contribution to the 
local economy and the world supply 
of fats, forcing the pace of that de- 
velopment to suit political rather than 
technical and economic criteria re- 
duced our childhood’s friend, the 
groundnut, from a source of wealth 
and nourishment to a term of vulgar 
abuse. 

The views expressed in this paper are the per- 
sonal opinions of the author, and do not represent 
any official views of the National Coal Board, 
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Last month a symposium was held in 


Manchester, 


sponsored by Ekco Elec- 


tronics, to discuss the use of liquid scintil- 


lation counting. This method has progressed 


to the stage where commercial instruments 


are available and the ease of measurement 


is @€ main reason for the revival of interest 


in radioactive hydrogen asa tracer ele- 


ment. Outlined here are the problems in- 


volved in measuring low energy beta emit- 


ters by this new technique and its possible 


future applications in science and medicine 


Liquid scintillation 


counting for 


tritium and carbon-14 


by C. P. HAIGH, Pb.b., F.tnst.P 


SCINTILLATION counting depends 
on the ability of certain chemical com- 
pounds, known as phosphors or scin- 
tillators, to emit discrete amounts of 
light during interaction with ionizing 
radiations. There is a great variety of 
scintillation materials (/), both organic 
and inorganic, and although the 
amount of light emitted per event is 
small and dependent on the nature and 
energy of the exciting radiation, it is 
possible to convert the scintillations 
into useful electrical pulses by means 
of a photomultiplier. The resulting in- 
strument is a particle detector of great 
sensitivity capable of high rates of 
counting and of energy measurement. 


Scintillation materials 


Modern scintillation counters have 
been developed over the past ten years. 
The first phosphors were solids such 
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as crystals of anthracene, stilbene or 
thallium-activated sodium iodide and 
of these the inorganic materials were 
superior for gamma rays whilst the 
organic crystals had shorter resolving 
times. In 1950, Reynolds and Kall- 
man, working independently, found 
that dilute solutions of fluorescent sub- 
stances in aromatic solvents, for ex- 
ample p-terphenyl in toluene, were 
good scintillators. They could be used 
in large volumes and were more easily 
prepared and handled than the solid 
crystals which they have now replaced 
in many applications. 

It followed logically that radioactive 
materials might be added to liquid 
scintillators with the prospect of high 
counting efficiencies, This extension of 
the scintillation technique has been 
developed into a powerful method, 
especially for beta rays. It is the basis 
of a new method of measuring iso- 


topes such as tritium and carbon-14 
and now that suitable commercial in- 
struments are available it is growing 
rapidly in importance. 


Use with low energy beta emitters 


Tritium is the only radioactive iso- 
tope of hydrogen. It emits beta par- 
ticles of spectral end point 18 keV and 
in common with carbon-14 (155 keV) 
it is an important tracer element which 
has presented severe problems of mea- 
surement. The low energy of the beta 
rays results in considerable absorp- 
tion in a solid sample and tremen- 
dous difficulties in the construction of 
suitable window type beta counters. 
For this reason gas phase counting 
(2), in which the samples are con- 
verted to hydrogen or carbon dioxide, 
has been widely used although it is 
tedious and unsuited for routine work. 

In the scintillation method the 
sample is dissolved or suspended in a 
liquid phosphor so that effectively 
there is no barrier between the beta 
emitter and the detector and self-ab- 
sorption in the sample is, to a large 
extent, overcome. The elements of the 
system are shown in figure 1. The 
liquid phosphor and radioactive sample 
are placed in a container which is 
transparent to the scintillations. These 
are transmitted to the photomultiplier 
tube via an optical coupling fluid, such 
as liquid paraffin or a silicone oil, 
whose function is to provide a uni- 
form refractive index between the 
phosphor and the photocathode and 
so avoid light loss at glass/air boun- 
daries. The reflector increases the 
amount of light received by the 
phototube. 

In the photomulplier, electrons 
emitted from the photocathode are 
multiplied by secondary emission from 
a number of dynodes, The gain is such 
that a single photoelectron may be 
amplified to a degree which permits 
further amplification by electronic 
means: in terms of output current, 
sensitivities of 2000 amp/lumen may 
be obtained from a 13-stage tube. This 
is sufficient to detect the relatively 
feeble scintillations produced in the 
phosphor by tritium beta rays but at 
this level the pulses are of the same 
order of size as those due to thermi- 
onic emission from the photocathode. 
The problem is therefore one of 
achieving an acceptable signal/noise 
ratio in the system. 

The thermal background varies con- 
siderably from one photomultiplier to 
another. It is low enough in a small 
number of tubes to permit efficient 
tritium counting at room temperature 
with the simple arrangement of figure 
1. Other tubes have high backgrounds 
that prohibit tritium counting under 


585 





any circumstances. A reasonable pro- 
portion of photomultipliers, however, 
lie between these extremes and they 
may be used for tritium if cooling or 
coincidence methods are adopted to 
reduce the thermal background to a 
suitable level. These techniques result 
in the so-called single channel and 
double channel instruments respect- 
ively and in both cases phototubes 
combining low thermal background 
and high sensitivity are selected as a 
starting point. 


Types of instrument 

Single channel The system is basically 
that of figure 1, but the apparatus is 
cooled to about 20°C to reduce 
thermal emission from the photo- 
cathode. An advantage is that the rate 
of change of thermal background with 
temperature is much less at — 20°C 
than at, say, + 18°C and so the back- 
ground is more stable as well as 
smaller at the reduced temperature. 
Under conditions yielding counting 
efficiencies for tritium (defined as 
counting rate /sample disintegration 
rate) of 20-30 pc, photomultipliers 
such as the EMI type 6097 B have 
backgrounds of about 15-20 cps com- 
pared with 200-300 cps at ambient 
temperature. Little is gained by tem- 
peratures lower than 20°C which 
is easily reached in a simple refrig- 
erator. 


Double channel The liquid scintillator 
is observed by two photomultipliers 
arranged in a coincidence circuit (see 
p 595) so that a pulse is recorded only 
when both tubes observe a scintillation 
simultaneously. The random thermal 
pulses, apart from a few chance coin- 
cidences, are rejected. The apparatus 
is sometimes cooled (usually to about 
0°C) to improve stability and, at best, 
yields backgrounds of about 0°3 cps 
with an efficiency of 20-30 pc for 
tritium. 

Both systems are now available as 
commercial instruments, the single 
channel as the Ekco type 612 scintilla- 
tion counter and the double channel 
as the Tri-Carb liquid scintillation 
spectrometer made by the Packard 
Instrument Co in America. With pre- 
sent photomultiplier tubes, the double 
channel instrument has the superior 
performance on account of its much 
lower background but it is a compli- 
cated and costly instrument that offers 
little advantage in the majority of 
applications over the simple, single 
channel device. For example, the single 
channel instrument can measure 10° 
curie of tritium in a 1 ml sample to 
within 2 pc in less than five minutes’ 
counting time. Only extremely low 
level counting requires a performance 
better than this. 
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The method in practice 


Figure 2 shows a section of the 
single channel instrument manufac- 
tured by Messrs E. K. Cole. This uses 
an EMI 13-stage photomultiplier type 
9514 S followed by an electronic am- 
plifier with a maximum gain of x 1000. 
A light-tight shutter between the glass 
sample container and the photomul- 
tiplier window is interlocked with an 
enveloping lid so that it is impossible 
to expose the photocathode to extra- 
neous light when samples are being 
changed. Such an exposure would 
cause an abrupt increase in the tube 
background, subsequently needing 
many hours to return to normal. The 
shutter unit is a separate assembly with 
a lower pyrex glass window in con- 
tact with the photomultiplier: good 
optical coupling is made with a layer 
of silicone fluid MS200 between these 
two surfaces and the interior of the 
shutter unit is partially filled with the 
same medium. To avoid air bubbles, 
which would reduce the light trans- 
mission, the sample container has a 
slightly convex base. 

reflector 
liquid phosphor 
containing radioactive 
sample 


transparent container 
(pyrex glass or quartz) 





optical coupling fivid 
photocathode 
glass envelope 
photomultiplier 





Here is the basic arrangement for 
liquid scintillation counting (Fig 1) 


The whole assembly is enclosed in 
a substantial lead screen, the upper 
part of which is hinged to form a lid, 
and fits into a metal base holding the 
electronic amplifier. The complete in- 
strument goes into a small refrigerator 
and is connected by two cables to ex- 
ternal power supplies and a pulse dis- 
criminator and counter. 

The liquid scintillator normally used 
contains 3g/litre of 2,5 diphenyl oxa- 
zole (PPO) dissolved in toluene. This 
is stable at — 20°C and has a wave- 
length of maximum emission of 3800 
A, which matches the spectral sensi- 
tivity peak of the 9514 S phototube 
very well. With a dynode voltage of 
about 120 per stage and an amplifier 
gain of x 1000, tritium may be counted 
at 20°C with an efficiency, 7, of 
10-20 pe and a background of 15-20 
cps. 

For carbon-14 it is necessary to re- 
duce the amplifier gain on account of 
the greater intensity of the scintilla- 
tions and this leads to backgrounds of 
about 0-5 cps with a counting effi- 
ciency of 60 pc. Actually, carbon-14 
can easily be counted at room tem- 
perature with a background of 1-2 


cps and an efficiency of approx. 60 pc, 
and it might therefore seem that it is 
more advantageous to work at room 
temperature for this isotope. However, 
apart from a loss in background stabi- 
lity at the higher temperature, the 
merit of a counter for weak sources is 
determined by the expression ”?/R), 
where R, is the background counting 
rate (3) and on this criterion the per- 
formance at — 20°C is superior espe- 
cially for very weak samples. 


Scintillating solutions 


Liquid scintillators and the prob- 
lems of incorporating radioactive 
samples form a very large subject (4, 
5). Simple two-component phosphors 
such as PPO in toluene are adequate 
for many purposes and when the 
sample is soluble in the solvent 
(toluene) and does not act to quench 
the scintillations it is usually sufficient 
to add it to the phosphor. Many com- 
pounds among the steroids and fatty 
acids fulfil these requirements. Some 
sample materials, however, quench the 
scintillations in which case the addi- 
tion of naphthalene as a light restorer 
is sometimes advantageous. Some 
samples colour the solutions and the 
presence of so-called wavelength 
shifters, such as POPOP, may then 
be helpful. These absorb the light from 
the primary solvent and re-emit it at 
another wavelength which may also 
match more closely the spectral sen- 
sitivity curve of the photomultiplier. 


Suspension technique 


Insoluble solids may be counted in 
suspension. The technique is to pre- 
vent sedimentation, or to slow it down 
so that it can be neglected during the 
counting period, by adding a gelating 
agent such as thixcin or aluminium 
stearate. This method, however, causes 
a slight loss in efficiency due to imper- 
fect light transmission of the gel and 
the particle size may be sufficient to 
introduce appreciable self-absorption 
of low energy betas. An experimental 
trial with a sample material is always 
desirable, even if it has previously re- 
ceived unfavourable comment, for so 
long as total quenching does not 
occur, the use of an internal standard 
will often overcome differences in the 
counting efficiencies of various pre- 
parations. 

In this technique the sample is 
counted in the normal way and the 
measurement then repeated after the 
addition of a small amount of a non- 
quenching material labelled with a 
known concentration of the same beta 
emitter. The difference of the two 
counts gives the count due to the 
standard in the quenching environ- 
ment and from this the quenching 
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not only of measuring but also of 
standardizing most beta emitters. 

When new techniques and reliable 
measuring instruments become avail- 
able, fresh applications, such as the 
use of tritium in reservoir engineering, 
tend to follow very quickly. 
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action of the original sample may be 
computed and the first measurement 
corrected accordingly. This internal 
standard method is, in general, applic- 
able to all problems due to quenching 
by sample impurities and its use con- 
siderably extends the scope of the 
liquid scintillation technique. 

Water is an important sample 
material since tritium is often presen- 
ted conveniently in this form. Tolu- 
ene will dissolve considerable amounts 
of water in the presence of ethyl 
alcohol as a blending agent but since 
water is a quenching agent the least 
possible volume of a water sample is 
desirable. Figure 3 shows the varia- 
tion in counting efficiency for tritium 
as a function of the water/toluene 
ratio in a PPO/toluene phosphor. 
This shows that for accuracy of meas- 
urement the water loaded phosphors 
must be prepared with care and that 
absolute ethyl alcohol must be used 
to avoid the introduction of unknown 
quantities of water. 


Applications in tracer work 

At present, the liquid counting tech- 
nique has its principal application to 
tritium simply because the counting of 
tritium by any other means is so 
enormously more difficult. Tritium is 
cheap and readily available and, as a 
tracer element, has the additional ad- 
vantage that there are relatively 
simple methods of using it to label 
organic compounds. For example, the 
gas exposure technique of Wilzbach 
(6) involves simple exposure of the 
compound to pure tritium gas at about 
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1 atmosphere pressure for several 
days. The energy released in the dis- 
integration of the tritium and ab- 
sorbed in the system provides the acti- 
vation necessary to effect labelling. 
The only other hydrogen isotope is 
deuterium which is very expensive 
and, since it is stable, exceedingly dif- 
ficult to measure on a routine basis. 

Liquid scintillation counting thus 
makes possible for the first time the 
widespread application of tracer work 
with hydrogen, The importance of 
this in the fields of medicine, bio- 
chemistry, biology and pharmacology 
is obviously very great, especially as 
the same instrument provides a facility 
for the rapid and convenient measure- 
ment of carbon-14. 

The advantage of tritium is vividly 
illustrated by its application to the 
fundamental medical problem _ of 
measuring human total body water. 
Liquid scintillation counting requires 
a dose of tritiated water costing a 
few pence and yields an answer within 
20 minutes of the measurement speci- 
mens becoming available: to use the 
alternative, deuterium, would cost 
about £7 per measurement for heavy 
water and involve a measurement time 
of several hours. However, the use of 
tritium is not confined to the biologi- 
cal sciences nor is the liquid scintilla- 
tion counting technique restricted to 
tritium and carbon-14. For isotopes 
emitting beta rays more energetic than 
those from carbon-14 the method 
offers a counting efficiency of nearly 
100 pe and therefore the instrument 
provides a rapid and simple means 


This is a controversial subject but, 
in time, the background of the re- 
frigerated single channel device may 
approach that now given by a double 
channel instrument and when this hap- 
pens its performance may be superior. 
This is because the single channel in- 
strument counts very weak scintilla- 
tions more efficiently than does the 
double: in this latter case there may 
not be sufficient light to trigger both 
photomultiplier tubes and the weak 
scintillations are lost. The merit of 
the instrument depends on the factor 
(efficiency)*/ background and so the 





Counting efficiency curve for tritium 

in a PPO/toluene phosphor shows 

the critical effect of the quantity of 
water present (Fig 3) 


performance of the single channel de- 
vice may possibly overtake that of the 
double before it actually achieves a 
lower background count. 

At the moment, the single channel 
instrument is certainly to be preferred 
for its simplicity and lower cost. In 
future it may be possible to improve 
the performance of an existing single 


channel instrument simply by ex- 
changing the photomultiplier. 
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PART II 


Nuclear powered ships 


by K. MADDOCKS, B.Sc.(Tech), M.1.Mar.E. 


Yarrow Admiralty Research Department 


A STRIKING CONTRAST in philo- 
sophies is presented in the remaining 
papers on ships. The ultra conserva- 
tive approach of the two from the 
United Kingdom adds little to previ- 
ously stated arguments while the un- 
bounded enthusiasm of the two Japan- 
ese papers at times approaches the 
limit of technical credibility. It is 
regrettable that there was nothing sub- 
mitted by the Scandinavian or Low 
Countries as their confirmation or 
denial of the French approach, based 
on cautious optimism, would have 
been of great value in charting a 
middle course. 


4. Britain’s GCR 


A complete discussion of the gas- 
cooled reactor concept for marine ap- 
plication was presented authoritatively 
by R. V. Moore and C, E. Iliffe of 
the UK (266). For reasonable com- 
parison with conventional machinery 





Concluding a two-part review of the papers presented at Geneva 
on ships, this article covers British and Japanese plans and 
experimental work on the EBWR and the design of shielding 


weight plus bunkers carried, a total 
machinery weight objective of 400 Ib, 
h.p. is recommended. A major factor 
is the shielding weight and they ex- 
amine the variation with core size and 
material density—for instance a 10 ft 
dia reflector would require 2000 tons 
of ordinary concrete or 1300 tons of 
heavy aggregate concrete. No men- 
tion is made of metal/ water shielding. 

Core size is markedly influenced by 
moderator/fuel ratio which, at 40:1 
for graphite, compares unfavourably 
with water at about 3:1. Economic 
comparison must include the cost of 
the respective fuel enrichments neces- 
sary and the low enrichment possible 
in the gas cooled, graphite moderated 
core is the outstanding factor in its 
selection. Core size is reduced mainly 
by subdivision of the fuel to the limit 
of practical thinness, resulting in in- 
creased power rating. Increased gas 
temperatures giving an enhanced cycle 


TABLE I—comparison of gas-cooled reactors—Moore and lliffe 


FUEL ELEMENTS 


Uranium metal with Cermet 15 pc wt UO, 
magnesium alloy 
cans, 18 rods 0-3 in. 14 plates 0-045 in. 


85 pe wt SS. 





dia thick 
Cylindrical vessel diameter 18 ft 6 in. 7 ft 4 in. 
Cylindrical vessel thickness 3 in. 3 in. 
Core diameter 14 ft 4 ft 9 in. 
Channel length 13 ft 4 ft 8 in. 
Channel pitch 9 in. 7 in. 
Gas pressure (psig) 300 800 
Inlet gas temperature (°C) 217 260 
Outlet gas temperature (°C) 400 480 
Maximum fuel element surface temp (°C) 450 600 


Irradiation 

Mean fuel rating 

Turbine stop valve steam temp (°F) 
Turbine stop valve steam pressure (psia) 
Shaft horse power 


3000 (MWd/Te) 


5 pc wt of UO, burnt 
11-85 (MW/Te) 
702 


0-98 (MW/kg U-235) 
840 


500 1030 
50,000 50,000 


PU EQUILIBRIUM 





STRAIGHT 
FUEL CYCLES THROUGH RECYCLE 
Critical enrichment 1-28 C, 1:28 C, 15 pe UO: by wt 
Fuel enrichment 1:34 C, 0-885 C, 17-7 pe “ 
Depleted enrichment 0-96 Cy 0-675 Cy 12-7 pe 
Make-up enrichment - 1-00 C, —_ 
Proportion recycled 0-354 _ 
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efficiency are also clearly desirable. 
These trends with suitable fuel cycles 
are illustrated in table I. 

The paper on merchant ships by 
Smith and Richards (265) consists 
essentially of the economic aspects of 
the thesis the authors presented to 
the Institute of Engineers and Ship- 
builders in Scotland in June 1957. 
They conclude that a maximum en- 
richment of 1-4 C, will be acceptable 
and the possible application limited to 
ships requiring at least 20,000 shp. 


US system too dear 


The pressurized water system is as 
yet alone in the field of proven ser- 
vice, but the capital cost is too high 
and the cycle efficiency too low for 
commercial interest. The use of an 
organic liquid in place of water. re- 
duces the system pressure but also the 
thermal conductivity of the fluid. The 
capital cost is expected to be reduced, 
but the evaluation of the system for 
marine application awaits a satisfac- 
tory report on the stability of the 
hydrocarbon under irradiation and 
high temperature. American experi- 
ence reported justifies confidence in 
this concept. Paper 606 includes a full 
discussion on marine application and 
paper 421 provides experimental evi- 
dence of technical feasibility. 

Gas-cooled systems offer an_ in- 
creased cycle efficiency. Graphite and 
heavy water moderation is considered, 
but the former preferred for its less 
complicated mechanical design. Brit- 
ish experience lies mainly within this 
field, but a minimum attractive power 
output of 30,000 shp is suggested. 

Plutonium should become available 
from the UK power stations by 1970 
and the type of reactor best suited 
to burning this fuel, while not yet 
known, may prove to be a liquid 
moderated system with its negative 
temperature coefficient. 
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Flow diagram of Japanese emigrant ship reactor plant shows: 1. blow-off tank 
2. pressurizer 3. shut-down cooler 4. shut-down cooling pump 5. shield tank 6. reactor 


7. surge tank 8. pump 9%. sea water pump 


10, steam generator 11. boron mixing tank 


12, main coolant pump 13. fill pump 14, charge pump 15. hydrogen cyl 16. hydrogen 
injection tank 17. demineralizer 18, 19, 20. coolers 21. flash tank 22. waste disposal tank 


23. drain pump 24. control water tank 25. HP air cyl 


26. HP air compressor 27. waste 


disposal pump 28. filter 29. waste disposal tank (gas) 30. demineralizer 31. filter 32. 


waste disposal tank 33. discharge pump 34. 
36. demineralizer 37. heater 


5. PWR for Japan 


The economic background oi Japan- 
ese shipping is brought sharply into 
focus by considering that her total 
tonnage at the end of 1957 was 4:5 
million and that the heavy oil fuel 
consumption of this fleet approached 
that of the power generating stations 
ashore. An annual increase of 300,000 
to 400,000 gross tonnage is now called 
for and all oil fuel must be imported. 
Japan therefore has an excellent in- 
centive to investigate the alternative 
offered by nuclear propulsion and a 
study of her particular trades has 
shown that the carriage of emigrants 
to South America is a suitable appli- 
cation. The present annual capacity 
of ships on this service is 8000 emi- 
grants carried for over 40 days on 
the one voyage. The aim is to quad- 
ruple this capacity and halve the 
voyage time. 

The main characteristics of the 
vessel proposed (1319) are as follows: 
Length overall 205 m 
Full load displacement 26,380 tonnes 
Deadweight (cargo) 9100 tonnes 
Total number of pas- 2500 
sengers 
Number of crew 232 
Service speed 23-5 knots 
Normal rating 40,000 shp total 

for 2 screws 
39-6 kg/cm and 

250°C 


Steam conditions 


Machinery weights: 
main turbines and 
condensers ‘ 
auxiliary machinery 
reactor plant 
shield and contain- 
ment 2320 tonnes 

The reactor selected, mainly on the 

grounds of proven service, is a 180 

MW pressurized water reactor which 


460 tonnes 
1140 tonnes 
480 tonnes 
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fresh water storage tank 35, service pump 


38. deaerator (Fig 7) 


can supply both propulsion and ship 
service demands. The plant flow dia- 
gram is shown in figure 7 and the 
core was designed to the following 
specification : 


Core life time 10,000 h 
Average burnup 9200 MWd/ton 
UO. 
Core size 160 cm average dia 
150 cm high 


Geometrical buckling 0-00104 cm-2 


Weights: UO: fuel 8250 kg 
Zircaloy 6300 kg 
Volume ratios: 
H:0/UO 1-4 
H:0/U 1 
Atomic ratios (hot): 
H| Usss 2°88 
H / Us; 167 
Enrichment: initial 1-7 atom pe 
final 0-9 atom pe 
Initial conversion 
ratio 0-74 


Average thermal neu- 


tron flux 5 x 1013 n/cm? sec 


Pu produced 39-6 kg 
kesy: cold clean 1-179 max 
hot clean 1-122 

Pp 0-791 
€ 1-05 
Coolant pressure 140 kg/cm? 
Coolant flow 6800 m3/h 
Max velocity through 
core 4-8 m/sec 
Pressure drop across 
core 1-58 kg/cm? 
Coolant temperatures: 
inlet 259°C 
outlet 281°C 
Max fuel temperature 1490°C 
Heat transfer area 412 m2 


From this specification emerged a 
core configuration built up from UO, 
pellets 9 mm dia and 9 mm long. 54 
of these pellets are stacked inside 
each Zircaloy tube 10:25 mm o.d. and 
0-6 mm wall, to form a fuel rod 50 
cm long. The rods are located in 
bundles of 100 spaced at 13 mm pitch. 
Three of these bundles, end to end, 


form an assembly and there are 88 
such assemblies. 

A unit containment vessel is to be 
used to enclose the components of the 
primary circuit indicated in figure 7. 
It is designed to withstand an internal 
pressure of 12 kg/cm? on similar 
maxims to those used in the Savannah 
design but in addition is lead lined to 
assist in both secondary shielding and 
missile containment. The primary 
shield consists of water filled tanks, 
polyethylene and lead ; hot spots such 
as the reactor outlets, steam genera- 
tors and demineralizers, are locally 
shielded with lead. 


Secondary shielding surrounding the 
containment vessel consists of struc- 
tural steel and heavy concrete which 
determines the following permissible 
exposures in a rem/h and associated 
exposure limits in h/day: passenger 
and crew accommodation 0°17 (24); 
machinery compartments 0°53 (8); 
store-rooms and cargo holds 1°43 (3). 

A detailed economic analysis is 
made for the building and operation 
of this vessel. The construction cost 
for hull and machinery is the equiva- 
lent Yen value of $M24 US and the 
fuel cost, based on USAEC price quo- 
tations for enriched fuel and pluton- 
ium credit, is the Yen equivalent of 
$M2:°489 per core. 


Submarine oil tanker 

The novel feature of the nuclear 
powered submarine tanker (1320) lies 
mainly in a hull design exploiting the 
elimination of wave making resist- 
ance by submerged navigation. Crude 
oil is the cargo selected for its amen- 
ability in reducing problems such as 
stability by weight distribution and 
the ease of handling without unduly 
affecting the pressure tightness of 
compartments. The maximum size of 
submarine is dictated by the optimum 
surface (skin friction effect), consid- 
ering the economic use of both hull 
steel and reactor power (figure 8). 

Fortunately the power requirement 
is met by the machinery specification 
for the emigrant ship described in 
Paper 1319. The two power plants are 
consequently identical, with the excep- 
tion of cargo handling which is dealt 
with by three 1000 m*/h and two 350 
m® /h centrifugal, steam turbine driven 
pumps. These also provide for rapid 
ballasting in the light ship condition. 

The pressure resisting hull, to with- 
stand submersion safely to a depth of 
100 metres, is confined to the inner 
skin which is divided into three main 
compartments : 


1. A forward section, of spectacle 
frame shape section, including the 
accommodation space, control 
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room, auxiliary machinery room 
and four cargo oil tanks 

2. A midship compartment of cyl- 
indrical form which comprises both 
the reactor containment and secon- 
dary shielding 

3. An aft compartment which con- 
sists of a spectacle frame shape sec- 
tion engine room tapering to cyl- 
indrical form for the pump room 
and four cargo oil tanks. 


The outer hull is sub-divided by 
transverse and longitudinal water- 
tight bulkheads to form 30 cargo oil 
tanks and 10 main ballast tanks. The 
hull equipment provides piping and 
pumping facilities for oil and water 
ballast, bow and stern diving gear, 
life saving gear including escape 
hatches, radiation shielding and health 
control, and a disposal system for 
raidoactive waste. 


6. Developments 

Experimental evidence of interest 
to the marine industry was presented 
in voluminous proportions at Geneva 
but space precludes mention of all 
but two of these papers. The light 
water boiling reactor system has 
now demonstrated such favourable 
performance that details of the opera- 
tional stability and activation of the 
turbine circuit warrant inclusion. 
Shielding has to date been unpardon- 
ably neglected in the published litera- 
ture. The United Kingdom work on 
metal-water shields is therefore re- 
viewed since it is particularly perti- 
nent to mobile reactors. 

The most important engineering 
achievements demonstrate that the 
natural circulation boiling system is 
capable of high heat density opera- 
tion (2379). Operational reliability at 
power was proved with EBWR since no 
non-scheduled shut-down occurred 


TABLE Il—Surface activities in EBWR during operation (mr/h) 





REACTOR POWER (THERMAL) 10 MW 20 MW 40 MW 67-7 MW 
Air ejector after cooler 90 400 4000 7000 
Condenser hot well 10 40 240 580 
Steam drier 80 150 600 720 
Turbine exhaust casing 2 a 14 20 
Feed water filters 8 10 50 100 
Plant air exhaust 6 


during operation throughout 1957. 
Shut-down circuits proved to be very 
practical. Satisfactory stability was 
thus achieved and the investigations 
established the following criteria: 


1. Absolute gain and phase margins 
can be predicted by experiment on 
a specific reactor 

2. Stability can be estimated for a 

new design by the application of 

the principles of feedback analysis 

3. A very large increase in the time 

constant of heat transfer associated 

with fuel will improve stability 

4. The amount of reactivity in voids 

is not a singular criterion of sta- 

bility 

5. Incremental changes in void re- 

activity with power is an important 

stability consideration 

6. The magnitude of noise in the 

boiling reactor flux signal is not 

simply related to ultimate stability 

7. Xenon history and flux shape 

have a definite effect on absolute 

stability 

8. In final analysis of stability, void 

flux flattening, in conjunction with 

radial void coefficient effects, can 
be important. 

The surface activities in mr /h 
established during the operation of 
EBWR are shown in Table 2. The prin- 
cipal constituent of this activity is 7-4 
sec half life N-16, Following one 
year’s operation, the current com- 
ponents were opened up and the fol- 
lowing activities measured: 


Only the inner skin of the proposed Japanese submarine tanker is pressurized; 
outer hull houses 30 cargo oil tanks and 10 main ballast tanks. Fore and aft 
spaces and top structure are non-watertight (Fig 8) 


12 40 120 


a. Steam drier—S to 6 mr/h, mainly 
from iron oxide coating 

b. Turbine casing 10 days after 
shut-down—S mr/h at the nozzle 
inlets and 0-2 mr/h at the blades 

c. Condenser hot well—less than 2 
mr/h. 


A bleed filter and ion exchange 
system is fitted in duplicate and the 
vessels shielded by 4 in. lead. In 
operation the activity builds up to 
1 r/h and 10 r/h respectively inside 
these vessels, but a two-week decay 
period is sufficient to avoid transport- 
ing used filters and resin columns 
ashore inside the shield. 

These activity levels demonstrate 
that access for routine maintenance 
of the turbine plant need not be un- 
duly restricted and local shielding of 
moderate proportions should provide 
adequate protection during operation. 


Shielding design 

A major requirement in reactor 
shield design is the accurate predic- 
tion of the spatial distribution of 
thermal and epithermal flux, primarily 
to enable the generation of capture 
gamma rays to be calculated. This 
requirement is particularly important 
in shield systems consisting of mul- 
tiple layefs of metal and water for 
which the available theoretical 
methods of prediction are either in- 
applicable or excessively cumbersome 
to apply. 

The detailed distributions of ther- 
mal flux have been investigated in the 
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UK for a series of multilayered sys- 
tems of iron and water and the ex- 
perimental data interpreted on the 
basis of a three group model (84 
Rev 1). This model describes the three 
basic features of neutron behaviour in 
shields: the flight of virtually uncol- 
lided neutrons, described in the model 
by ‘ removal’ theory; the slowing down 
of neutrons subsequent to scattering 
out of the uncollided group, dealing 
separately with the neutrons scattered 
within the layer considered and those 
originating externally from leakage 
etc; and the diffusion of neutrons at 
thermal energies. For an adequate in- 





terpretation of the data on the basis 
of this model it was necessary to ob- 
tain some of the three group para- 
meters empirically for iron and water. 


Work at Harwell 

The three group model described 
provides a prediction of the thermal 
flux, generally to an accuracy better 
than 20 pc, and the epithermal flux; 
ease of application to complex multi- 
layered systems is achieved at the ex- 
pense of using empirical parameters. 
This treatment is amenable to pro- 
gramming on a high speed digital 
computer and a programme is avail- 
able to deal with up to fourteen 
regions in plane or cylindrical geo- 
metry. Thus a particular shield con- 
figuration can be optimized in design 
within a reasonable time. 

The experimental equipment used 
is shown in Figure 9 using the Har- 
well reactor Lido as neutron source. 
The experimental array of steel slabs 
can be seen set in the tank, the posi- 
tional accuracy of which is better 
than Imm. Neutron flux measure- 
ments were made within the slabs by 
activation of manganese and indium 
foils and in the surrounding water by 
B-10F, proportional counters and 
U-235 fission chambers, carried on the 
quadrant arms which can be posi- 
tioned within 1 mm in each direction. 
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7. What now? 


Main interest evidently centres on the 
selection of a reactor system best 
suited for commercial marine use. 
This specification is too broad to 
single out any one system and the 
choice must be influenced by condi- 
tions applicable to a particular coun- 
try’s shipbuilding capacity, trade re- 
quirements and the economics affect- 
ing fuel supply. However, the proven 
service of the pressurized water re- 
actor for submarine use has already 
inspired two commercial ship appli- 
cations which will be in service within 


Bulk shielding experi- 
mental tank in Lido 
was used for deter- 
mining the flux distri- 
bution in a series of 
multilayered systems of 
iron and water (Fig 9) 


the next two years. 

Two variations, the organic liquid 
and boiling light water systems, show 
distinct promise of improved per- 
formance attainable within say the 
next five years. The case made at 
Geneva for the latter system is par- 
ticularly attractive. Advantages now 
claimed are the relatively low prim- 
ary system pressure and containment 
pressure and the very low activation 
of the turbine circuit, all of which 
should be reflected in construction 
costs and safety features. Full scale 
tests on EBWR have demonstrated 
stable operation and low activation of 
the turbines following one _ year’s 
operation on a direct cycle. The 
French have cautiously specified an 
intermediate heat exchanger. Their 
calculations show that stability need 
not be unduly affected, even under 
conditions aggravated by ship motion. 
Low steam conditions have to date 
been associated with water systems, 
but the Allis Chalmers proposal for a 
controlled recirculation boiling reac- 
tor with nuclear superheat should ob- 
viate this limitation. Steam will be 
produced at 525 psi and 825°F and 
used for power generation in 1962. 

Enrichment cannot be divorced 
from compactness and it could well 
be that the use of plutonium will 
highlight the advantage of the nega- 


tive temperature coefficient of a 
liquid moderated system. No doubt 
these and other arguments prompted 
the decision—mentioned by Sir John 
Cockcroft in his closing summary of 
the conference—that the United 
States expect to build a nuclear tanker 
using a boiling water reactor for pro- 
pulsion by 1962. 

Three years ago the high tempera- 
ture gas cooled reactor directly 
coupled to a closed cycle turbine was 
proposed in a paper to the Institute 
of Marine Engineers. As a longer 
term objective, attainable within say 
ten to fifteen years, this possibility is 
still valid. The French study now 
supports the case and the US Mari- 
time Administration project, now 
under contract with the General Dy- 
namics Corporation, to demonstrate 
the operation of a prototype within 
the next seven years, may well prove 
ii. 


Code of practice needed 

An early formulation of a code of 
construction and operational practice 
was called for by several well in- 
formed speakers during the discussion 
of the papers. At national level, the 
Minister of Transport has invited in- 
terested parties to be represented on 
a committee to advise on the safety 
of nuclear ships at sea and in port. 
All authors of the ship papers em- 
phasize the paramount importance of 
the safety features of their respective 
designs. More detailed consideration 
was given in many other papers to 
such subjects as containment and the 
disposal of active waste. Paper 2352 
is particularly recommended for the 
discussion of the legal problems of 
liability and financial protection 
covering the laws of many countries. 
The British Government has proposed 
to all governments contracting to the 
International Convention for the 
Safety of Life at Sea that these 
matters be tabled in 1960. 

The opinions expressed are those of 
the author and do not necessarily re- 
flect the official views of the Yarrow 
Admiralty Research Department. 
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Circulation of reactor coolants calls for 
machines with high sealing standards and 
radioactivity protection. Here are some 
problems which faced Sulzer engineers 





by R. A. STRUB, Dipl. Ing. E.T.H. 


Chief Engineer, Rotary Machinery, Sulzer Brothers Ltd 


Designing pumps and blowers 


for nuclear power plants 


THE CONSTRUCTION of turbo- 
machines for use in nuclear plants 
presents the designer with new problems 
and at the same time renders more 
difficult the solution of problems with 
which he is aireaay Lafiliiar, since 
numerous limitations are imposed 
upon design. The turbomachines must 
withstand the effects of temperature, 
corrosion and radiation, and must 
offer every guarantee in respect of 
hermetic sealing. The avoidance of 
contamination by harmful substances 
such as oil, or the exclusion of humid- 
ity from the atmosphere, raises the 
problems of dry friction of moving 
parts, of virtually absolute gastight- 


ness, and of the treatment and de-gas- 
sing of surfaces. The machines must 
furthermore offer a maximum of 
operational reliability with a minimum 
of maintenance, which must be as 
simple and straightforward as possible. 

As the machines must often work 
under completely new conditions, ex- 
tensive laboratory tests are necessary 
in order to ascertain the effects of all 
the factors involved, whether they 
act singly or simultaneously, 


Limitations in design 

The dimensions of a pump or an 
axial or radial compressor are influ- 
enced by a number of factors. With 


Table 1 Influence of type of gas on the performance of a radial compressor 



































GAS M a/o U/U P2/ Ps Q/Qo 
UF, 0-90* 0°14 0°37 7°5 0°21 
Freon 12 0-90* 0°42 0°65 7°5 0-37 | 
(CF.CI.,) 
co, 0-90* 1-0* 1-0 5-0 10 steel rotor 
N, 0°70 1-0* 1:0 3°0 1:0 
He 0°28 1-0* 1:0 ee 2 | 
He: 0°21 1:0* 1:0 1-1 2 . 
He 0°42 1-35* 1°5 15 1-8 titanium 
H. 0°32 a" xz: 1°25 1-8 alloy rotor 
Temperature at machine inlet = 3530 U° 450 m/s M Mach number o = stress 
P:/ Pz pressure ratio Q, = volume of gas aspirated * = limiting values 
U° = peripheral speed 
Table 2 Influence of type of gas on an axial compressor 
GAS M a/% U/U P2/ Pi Q/Q 
UF, 0-9* 0°06 0°25 3°8 0°25 
Freon 12 0-9* 0°2 0°45 4°2 0°45 
(CF.Cl.) 
This {i , co, 0-9* 0°6 0°77 4°3 7s f steel rotor 
is lightweight heavy-water pump N. 0-9" 1:0 10 4°5 1-0 
with canned motor is used in the He 0°45 2:2* 15 1°9 15 
10 MW reactor at Wéirlingen, He. 0°35 2:2* 1°5 1°4 15 
— — are: |. Rotor ty 0-7 3-0* 23 3-8 23 titanium 
2. Stator 3. Casing 4. Heat ex- ‘ ea ; ‘ * 
changer 5. Cooling water 6. Axial _ 0°55 3°0 _#3 et 2°3 ey oer 
bearing 7. Radial bearing (Fig 1) Number of stages = 10 U° = 210 m/s at rotor 
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Using this test rig, gas-lubricated, radial bearings have been tested at speeds 
up to 12,000 rpm. Drawing shows: |. Gas-lubricated bearing 2. Flexible supports 
3. Rotors 4. Seals for tests under partial vacuum 5. Axial bearing (Fig 2) 


a pump, for instance, the peripheral 
speed at the shaft seal or at bearings 
immersed in the delivery medium, or 
in other cases the suction head (cavi- 
tation), may be determining factors 
in the choice of speed, which in its 
turn fixes the diameter of the pump. 
The number of factors which limit the 
choice of dimensions in a gas com- 
pressor is even greater. 

Knowledge of these limits is neces- 
sary to enable the designer to reduce 
the dimensions of the machine—and 





speed of the rotor and thereby deter- 
mine the size of the machine. 

Table I shows that in the case of 
the heavy gases in question it is the 
maximum Mach number at the im- 
peller inlet which limits the number 
of revolutions. With uranium hexa- 
fluoride (UF,), however, the low ratio 
of the specific heats (1-06) and the 
high pressure ratio of 7-5 results in 
a relatively small volume of gas at the 
outlet. The ratio between the width 























ratio 9/p (permissible stress /specific 
mass) assumes a progressively smaller 
value, it will be clear that the limit 
based on the strength of the impeller 
will be displaced towards 700 m/s 
for the light gases, as can be seen 
from the last two figures in Table 1. 

A similar comparison can be made 
with axial compressors. Table 2 gives 
details of results obtained with a ten- 
stage compressor having a radius ratio 
at the inlet of 1-5. The Mach number 
at the blade tip at the inlet was 
limited to 0-9. 

It is interesting to note that it is 
the Mach number which limits the 
peripheral speed of the rotor for the 
first four gases, whilst with the light 
gases the maximum number of re- 
volutions of the machine depends on 
the strength of the material. Here 
also materials with a more favourable 
o/p ratio can be used to advantage in 
order to raise the pressure ratio or 
reduce the number of stages. 


Circulation pumps 
The pumping of dangerous or very 




































































as- of the impeller at the outlet and the expensive media poses the problem of 
ust therefore the internal surface area  oytside diameter is therefore 2:2 pc, absolute sealing. As no movable seal 
of and volume—as much as possible, which is regarded as the lower limit. can be guaranteed absolutely leak- 
um which is particularly important when with CO, the strength limit of the proof, a pump set must be devised in 
as an expensive medium is to be pumped rotor jis reached almost at the same which the rotor of the electric motor 
sle or gas elimination from the surfaces time as the specified Mach number. is enclosed in a hermetically sealed 
»rk is necessary. In the case of N, and the light gases, casing, Pumps of this type with canned 
ex- The speed of sound for heavy gases, the Jimit is determined solely by the motors have been available for some 
ary such y~4 Uranium hexafluoride or strength of the rotor. years. The essential characteristics of 
all Freon 12, is relatively low. It follows If materials are used for which the these pumps is that their bearings are 
ey that at high pressure ratios the peri- 

pheral speed at the inlet to the ‘ 

machine may be fixed by the Mach 

number. On the other hand, for light | Bi, 

gases, such as hydrogen and helium, "4 
= the tensile strength of the material id if 
lu- used for the rotor will be the limiting ra 
ith factor. \ / a 

Radial and axial compressors Bliss at —}} 
= Paes. 

First consider a single-stage radial —_—_—_——| 

compressor with open impeller which 
- is used for compressing light or heavy | ie = ae ss 

gases, and the diameter of which we , oT: oo 

may take for reference purposes as + 2 a —i slo amesiealll [= _ 

unity. We assume that the peripheral w it Vee 
- speed does not exceed the limit set . OT Pt u 
“ by the maximum permissible stress in 
oon the rotor, and that the Mach num- a 

ber at the inlet diameter of the im- a —— 

peller is limited to the maximum value Pe fcoob 

of 0-9. From these given values the \ + 
— other characteristics of the machine 

may be determined, i.e. discharge rate \ 

and pressure ratio. All data relating 3 o 
r to nitrogen will be regarded as refer- 

ence values with which those for 1 

other gases may be compared. As soon 
™ oe pone seat gentoo Primary CO; blower for France’s EDF-I at Chinon has power input of 9000 kW, 
- agg : . runs at 2950 rpm. |. Gas inlets 2. Annular chamber 3. Adjustable inlet guide 

for it is such values that restrict the vanes (Fig 3) 
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input is about 9000 kW under normal 
working conditions. 

The design of a machine of this 
nature with an outside diameter of 
about 10 ft naturally poses a number 
of problems in fixed and moving seals 
and the dry friction of the moving 
parts inside the machine for control- 
ling the guide vanes. A special de- 
vice enables the bearings and shaft 
seals to be inspected or changed 
while the machine is under a pressure 
of 26 atmospheres. 


Shaft seals 
Various designs of shaft seals have 
Z been made the object of exhaustive 
investigation. One of the sealing prin- 
ciples adopted is shown in Figure 4, 
which is a schematic drawing of the 
test rig. The balancing of the gas 
forces is obtained by two opposed 
seals which were tested simultane- 
ously. Many designs have been de- 
{ veloped with the aim of eliminating 































































































the instabilities which occur with 
H20 ~ —-AAA\A)AAAA— = 429 balanced mechanical seals operating 
IIIT D I DTT rd TITTT, under high’ differential pressures. 


Space 1 corresponds to the housing of 
the machine, which must be kept free 
of all oil contamination. A _ small 
quantity of sealing gas can be intro- 
duced into it from the storage bottle 


In one of various shaft sealing principles tested for the EDF-I blower the 

balancing of the gas forces was obtained by two opposed seals, tested simul- 

taneously. Details of rig shown are: |. Space representing machine casing 

2. Sealing-gas bottle 3. Spaces for collecting oil and sealing gas 4. Oil 

separators 5. Sealing-oil pump 6. Seals 7. Pressure regulator for sealing oil 
(Fig 4) 


lubricated by the medium being Increasingly stringent safety regula- 





pumped, whether it be gas or liquid. 
Sulzer Brothers have carried out sev- 
eral tests in order to ascertain the 
limiting loads of these bearings as a 
function of temperature and speed. 

Figure 1 shows a section through one 
of the pumps with fully enclosed 
motors used for circulating heavy 
water in the Swiss reactor plant at 
Wiirenlingen. This unit was developed 
in collaboration with the Sécheron 
company of Geneva. Of very light 
construction, it is adapted to the rela- 
tively low pressure and temperature 
level of the heavy water. The motor 
is cooled partly by ordinary water, 
which flows around the stator casing 
in a cooling jacket, and partly by the 
circulation of the heavy water in a 
heat exchanger arranged in the form 
of a coil round the motor. The heavy 
water is circulated by a small pump 
fitted on the main shaft of the mach- 
ine. The stator windings are immersed 
in a substance which facilitates re- 
moval of the heat. The flanges have 
double seals, and any leakage can be 
easily checked by means of a leak de- 
tector connected to the space between 
the two seals. 

The design principles described 
above can be applied, with certain 
modifications, even at much greater 
pressures and temperatures. 
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tions often require the placing of the 
motor-compressor set in the gas flow. 
The gas-lubricated axial or radial 
bearings naturally form a very im- 
portant component of such a totally 
enclosed unit, Figure 2 shows a test 
rig for investigating the behaviour of 
radial bearings under load and at dif- 
ferent pressures. Knowledge of this 
last variable is important as the ad- 
missible specific load varies consider- 
ably with the absolute pressure. 
Numerous tests have been undertaken, 
at speeds up to 12,000 rpm, to study 
the behaviour of rotors supported in 
gas-lubricated bearings during the 
starting and stopping periods. 


EDF-1 axial blower 


The blower to be used in the pri- 
mary CO, circuit of EDF-1 is shown 
in section in Figure 3. The gas enters 
the compressor at a temperature of 
140°C and a pressure of 26 kg/sq cm 
abs (370 psi) through two lateral suc- 
tion branches 1 and is distributed in 
an annular chamber 2 before flowing 
through the adjustable inlet guide 
vanes 3 which regulate the discharge. 
The machine runs at a constant speed 
of 2950 rpm and delivers 1600 kg 
(2275 1b) of CO, per second at a pres- 
sure ratio of about 1-06. The power 
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Under test the machine shown in 


Fig 4 gave these results. Here 
Ap = pressure generated _N 

power input Q = discharge « = 
angular setting of adjustable guide 
vanes R = circuit resistance (Fig 5) 


2. Any leakage oil is collected in 
space 3 and conducted to the oil 
separators 4 together with the sealing 
gas. The sealing oil delivered by 
pump 5 is led into the seal chamber 6 
at a pressure which is maintained by 
regulator 7 at a higher level than that 
of the sealing gas. 

The characteristic of the machine 
over its range of control is plotted in 
Figure 5. This discharge is regulated 
at constant speed by means of the 
adjustable guide vanes. 
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by B. COLLINGE, PH.D., 


Senior Lecturer, Nuclear Physics Laboratory, Liverpool University 


Scaling and coincidence circuits 


Fundamental to experimental nuclear physics, these 
circuits are also important in applying isotope 
techniques to research and industry. Here is an 
introduction to their operating principle and uses 








COUNTING CIRCUITS 

Scaling units are used to count and 
record the number of voltage pulses 
produced by a radiation detector or 
by associated equipment such as a 
scaling unit. In the conventional form, 
which has been in use for the last ten 
years, scaling units consist of an elec- 
tronic scale of one hundred and a 
mechanical register. The mechanical 
register, which should reset to zero, 
records the hundreds while the units 
and tens are displayed by neon lamps. 

As the time intervals between pulses 
from a radiation detector are ran- 
domly spaced in time, the scale of one 
hundred, preceding the mechanical 
register, has an important function. 
Not only does it reduce the counting 
rate, but it has a strong regularizing 
action so that the pulses counted by 
the mechanical register are almost 
equally spaced. It is possible therefore 
to allow the mechanical register to 
count pulses at rates near the maxi- 
mum set by the manufacturer, with- 
out the possibility of counts being 
lost. 

The number of pulses to be recor- 
ded, and the rate at which they arrive 
at the scaler input, vary enormously. 
For example, in the assay of tritium 
using a scintillation counter or in the 
C-14 archaeological dating method, 
the counting rate is of the order of a 
few counts per minute. Alternatively 
the counting rate may be of the order 


therefore important in calculating the 
fraction of incoming pulses which is 
registered by a scaler. It is important 
to know that pulses from a radiation 
detector occur at randomly spaced 
time intervals. Suppose for example 
that a radiation detector produces 
pulses at a mean rate of 10* pulses per 
second. Although the average time 
interval between pulses is 100 micro- 
seconds, many pulses occur at time 
separations which are much shorter 
than this, and a scaler with a dead 
time of less than 100 microseconds 
would be necessary to avoid losing a 
significant number of counts. 

If the mean counting rate is N 
pulses per second and the scaler dead 
time is T seconds then the percentage 
of pulses counted is given by the 
formula: 


recorded counting rate 100 





true counting rate 1+ Nr 
Hence a scaler with a dead time of 5 
microseconds would be required to 
count pulses at a rate of 10‘ cps with 
5 pe losses. 


Conventional scalers 


The principle of the conventional 
scaler has been described above. The 
scale of one hundred, which precedes 
the mechanical register, is based on 


to connect several of these circuits in 
series so that the first circuit changes 
its state every time an input pulse is 
applied, the second circuit changes its 
state at every second pulse and so on. 
Scaling factors of 128 are quite usual. 
A scale of sixteen, consisting of four 
scales of two, may be converted into 
a scale of ten by a simple modifica- 
tion. Two such scales of ten are used 
in the conventional scaler to give a 
scale of one hundred. 

There are several reasons why the 
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The scale-of-two circuit forms the 
basis of a conventional scaler (Fig |) 


conventional scaling circuit is not 
completely satisfactory. The circuitry 
is complicated, which makes servicing 
difficult, and it tends to be unreliable 
because of the heat dissipation. The 
conventional scaler usually has a dead 
time of the order of a few micro- 
seconds and for many purposes this 


b of several million pulses per minute the scale-of-two circuit shown in > ne short and occasionally 
— in experiments with the intense beams figure 1. The two thermionic valve ‘es Pen es 
- of particles produced by accelerating triodes are symmetrically cross-con- ps peor os See iii a 
be machines os | nected and the anode potential of one ste agen "Se s Ww . / — — 
i When considering whether a scaling determines the grid potential of the =” a 7 postal } pers oy ese Cir 
kat unit is suitable for counting at a given other, ‘If one valve is passing current. CUNS afc GISCUSSEE DEW. 
rate it is necessary to know the value the d.c. levels are arranged so that seal 
—_ of a parameter which is called the _ the grid potential of the other is suffi- Fast circuits 
_" ‘dead time,’ defined as the minimum _ ciently negative, with respect to its Faster circuits are required not only 
toe time which must elapse after a pulse cathode, to prevent the flow of anode for high speed particle counting but 
ee before another one can be counted. A current. Each negative pulse applied in many other electronic circuits used 
pulse which’ occurs during the dead to the input terminal causes the cir- in the nuclear field. For example, 
time will be missed and this time is cuit to change its state. It is possible fast scaling is used in high frequency 
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Fast scale-of-two circuit uses a delay 
line for memory (Fig 2) 


meters and time interval analysers. 

The speed of operation of the con- 
ventional scale of two circuits, shown 
in figure 1, may be increased by the 
use of peaking coils, clamping diodes 
and coupling cathode followers. These 
circuits require close tolerance design 
and may be rather complicated. If 
secondary emitting pentodes are used, 
a very fast scaling circuit is possible 
but there is difficulty in stabilizing the 
quiescent current in it. 

However, the principal difficulty in 
achieving high speed operation is that 
of obtaining reliable triggering. In 
order to achieve this it is necessary to 
make the value of the time constant 
CR (figure 1) larger than the value 
needed to make the resistance network 
frequency independent. This time 
constant acts as a memory of the pre- 
vious history of the circuit and helps 
to achieve a positive triggering action. 
However, if a scale of two is designed 
for fast operation then the value of 
C must be reduced in order to keep 
the anode capacity small. Thus high 
speed operation and reliable trigger- 
ing are mutually exclusive and it is 
difficult to reduce the dead time below 
a few tenths of a microsecond. 

The circuit shown in figure 2 uses 
a delay line to provide a memory of 
the previous history; the functions of 
memory and switching action are 
located in separate parts of the cir- 
cuit. The scale of two consists of a 
cathode-coupled flip-flop circuit. The 
bias is arranged so that the circuit 
has two stable states and pulses of 
alternate sign—provided by the gate 
—are required at the left-hand control 
grid to change from one to the other. 
The polarity of the pulse from the 
gate is decided by the state of the 
scale of two to which it is d.c, con- 
nected. If the input pulses to the 
gate have a duration which is shorter 
than the delay line, the gate is 
switched after an input pulse and 
after the scale of two has reached its 
new state. The triggering action is thus 
quite positive. 

Scaling circuits using this principle 
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have been constructed which are 
capable of recording pulses separated 
by 40 millimicroseconds. It is found 
that the triggering action is more re- 
liable than that of conventional 
circuits. 


Trochotron scalers 

The trochotron valve, which is a 
decimal counting tube, has undergone 
considerable modification since its 
invention by Alfven. In the form 
developed by the Haydu Company it 
may be used in a scale-of-ten circuit 
with a resolving time of 0:1 micro- 
seconds and with a minimum of asso- 
ciated circuitry. 

The operation of a trochotron uses 
the principle that a low energy elec- 
tron beam travelling in mutually per- 
pendicular electric and magnetic fields 
will execute a trochoidal path between 
equipotential lines. The geometry is 
shown in figure 3, in which an axial 
cathode emits electrons towards a ring 
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Trochotron valve provides a com- 
pact scale of ten (Fig 3) 


\ 
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of collectiong electrodes. Inside the 
collectors there is a further ring of 
equally spaced electrodes called spades. 
An external cylindrical magnet pro- 
vides an axial field. When the collec- 
tors and spades are at some positive 
potential with respect to the cathode 
no current across the valve is possible. 
If, however, the potential of one spade 
is reduced to cathode level, current 
will flow in the region of that spade 
and collector and the path of the 
electrons will be as shown in figure 
3. In such a situation about 90 pc 
of the beam falls on a collector and 
almost 10 pc on the spade. Resistances 
are connected between the spades and 
the H.T. supply. If a beam is formed 
in the vicinity of a spade, a current 
will flow in the resistance, lowering 
its potential, and the necessary condi- 
tions for a stable beam will be estab- 
lished at that spade. The beam is 
stable in any one of the ten positions 
and transfer from one position to the 
next is brought about by changing the 
potential of further electrodes called 
* grids,’ located between the spades. 
The trochotron provides a compact 
scale-of-ten as only two driving valves 
are necessary to effect the transfer of 
the beam from one position to the 


next. It is claimed by the manufac- 
turer that the switching action is not 
critically dependent on the stage of 
the cathode and that a long operating 
life may be expected. Scales of one 
hundred have been constructed with 
two trochotrons and a dead time of 
0-1 secs. 

In spite of these attractions, how- 
ever, it is not likely that trochotrons 
will be extensively used in scaling 
units as their development will prob- 
ably be overshadowed by semicon- 
ductor devices. 


Dekatron scalers 

In many scalers the circuitry is 
based on the use of gas discharge 
tubes. A typical example is the deka- 
tron decimal scaling tube in which a 
glow discharge is transferred round a 
series of ten electrodes. The anode 
is a disk round which thirty wires 
are symmetrically placed. This elec- 
trode structure is mounted in a glass 
envelope and the gas pressure adjusted 
so that a glow discharge is possible 
between any wire and the edge of the 
disk. In use it is arranged that the 
glow, which is visible through the 
glass envelope, takes place between 
any third wire and the anode. These 
are the ten stable positions used and 
the glow is transferred from one posi- 
tion to the next by manipulating the 
potentials of the intervening wires or 
* guides.’ 

The circuitry required to bring about 
the movement of the discharge is not 
complicated, and five tubes, connected 
in series, form a convenient scaler 
with a resolving time of 300 micro- 
seconds and a capacity of 10° counts. 
No mechanical register is necessary. 
As the current in the glow discharge 
is small, the power dissipated is less 
than in the hard valve scales, with a 
consequent improvement in reliability. 


For output to be generated in coin- 
cidence circuit, pulse must be pre- 
sent at both input terminals (Fig 4) 





NUCLEAR POWER December 1958 

















COINCIDENCE CIRCUITS 

The purpose of a coincidence cir- 
cuit is to determine whether two or 
more events occur within a specified 
time of each other: an ‘event’ 
usually means the detection of a 
nuclear particle by a scintillation 
counter. 

The action of a coincidence cir- 
cuit is shown in figure 4. A pulse must 
be present at both input terminals for 
an output pulse to be generated: this 
is obtained if one leading edge of an 
input pulse occurs within a time T 
of the other. T is called the ‘co- 
incidence resolving time,’ and its value 
may lie in the range 10° to one 
second. A coincidence circuit may re- 
quire the simultaneous application of 
several input pulses in order to pro- 
duce an output pulse and such ‘five- 
fold’ circuits are in common use. 

Figure 5a shows a coincidence cir- 
cuit using semi-conductor diodes D, 
and D,. The relevant voltage wave- 
forms are shown in figure 5b. Positive 
pulses, standardized in height and 
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Coincidence circuit using semi- 
conductor diodes produces the 


waveform shown (Fig 5) 


duration, are applied to the two input 
terminals. If a pulse occurs at input 
1 only, the diode D, ceases to pass 
current and the potential at A rises 
until diode D. carries all the current 
through the resistance R. The poten- 
tial at A rises by a few tenths of a 
volt only and the trigger circuit does 
not fire and there is no output pulse. 
If two input pulses coincide in time 
both diodes will be cut off and the 
potential at A will rise to the height 
of the input pulses. The trigger cir- 
cuit will then produce an output pulse. 


Application to isotopes 

It is often necessary to measure the 
distance a particle will travel in some 
material before coming to rest. A 
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Coincidence circuits may be used 


for measuring range of nuclear 
particles in materials (Fig 6) 


method of making such a range mea- 
surement is illustrated in figure 6a, A 
typical example might be the problem 
of finding the range of 300 MeV pro- 
tons in copper. 

The line of the three particle de- 
tectors defines the path of the protons 
through the copper block and consti- 
tutes a ‘counter telescope.’ A particle 
must pass through the three counters, 
connected in coincidence, and there- 
fore through the copper block, before 
an output pulse is obtained. Should a 
particle not pass through the third 
detector an output pulse is not gen- 
erated. A graph of counting rate, 
plotted against the length of the path 
of the particle in copper, is shown in 
figure 6b and from it the particle 
range may be obtained. 

A typical arrangement for measur- 
ing short lifetime is shown in figure 
7. An isotope of this class is neptu- 
nium-237 which has an excited state. 
This nucleus is formed when ameri- 
cium-241 emits an alpha particle and 
then subsequently the neptunium-237 
emits a gamma ray to become a stable 
nucleus.. Thus by measuring the time 
between the alpha and gamma emis- 
sion the lifetime of the excited state of 
the nucleus may be determined. 

Referring to figure 7 the alpha par- 
ticles are detected by a scintillation 
counter and the gammas are similarly 
detected but through a thin screen to 
remove the alphas. The output rate of 
the coincidence unit is then measured 
for different values of the delay intro- 
duced in series with the alpha counter. 
This delay will bring the pulses from 
this counter into time coincidence with 
the gamma rays. The curve obtained 
is shown in figure 7 showing that some 
of the alphas are delayed with respect 
to the gammas, A similar curve is then 
plotted for a source having negligible 
time between the emission of two par- 


ticles, and this is shown as the prompt 
curve in figure 7. By suitable analysis 
of these curves the average lifetime of 
the nucleus under investigation may 
be determined. The value for the par- 
ticular case under consideration was 
about 9 millimicroseconds. 


Resolving time 

Experiments are often performed 
in which coincidence rates are mea- 
sured in the presence of a large back- 
ground of radiation. For example, 
measurements are made on beams of 
particles from accelerating machines 
using counter telescopes. It is the pur- 
pose of the telescope and coincidence 
circuits to distinguish the ‘ genuine 
coincidences,’ indicating a wanted par- 
ticle, from ‘random _ coincidences,’ 
which are due to the accidental pas- 
sage of different particles through the 
counters. It is important to be able 
to calculate the random coincidence 
rate due to the accidental coincidence 
of otherwise unrelated events, 

Suppose that two counters register- 
ing counting rates N, and N, are con- 
nected to a coincidence circuit of re- 
solving time 7. During one second, 
channel 1 will be operated for a total 
time N,T. But during this time, 
2N,N.T counts will occur in channel 
2. Hence the random coincidence 
counting rate is 2N,N.T. 

The formula Ng = 2N,N,T pro- 
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Short isotope lifetimes may be 
measured by this arrangement (Fig 7) 
vides a convenient way of measuring 
the resolving time of a coincidence cir- 
cuit. Two independent sources of radi- 
ation must be used to provide the two 
inputs required, The values of N,, N2 
and Np are measured over a given 

period of time and T calculated. 

It is clear that this formula is used 
in deciding the resolving time neces- 
sary in an experiment. Further, if a 
correction is to be applied for the 
random rate, then it will be necessary 
to make sure that the value of T is 
stable. 
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Some design considerations in gas cooled reactors 


IN THE DESIGN of the British MkI* 
gas-cooled, graphite-moderated nuclear 
power stations there are a few major 
differences which strike the eye imme- 
diately. These points are summarized 
in the table. For pressure vessels there 
are sound arguments in favour of both 
the sphere and the cylinder. 


Core geometry 

To minimize neutron leakage and 
hence the amount of uranium in the 
core, the ratio of core surface area to 
contained volume should be as small 
as possible. The best geometrical shapc 
is therefore a sphere, but in practice 
the uranium must frequently be in- 
serted and withdrawn from the core, 
and coolant gas must be passed 
through the uranium-containing chan- 
nels. The practical choice lies between 
the cube and the right square cylin- 
der. 

The need to reduce blower power 
having dictated that the coolant shall 
be pressurized the core shape must be 
compatible with a practical form of 
containing vessel. Here the choice is 
limited to two; sphere or cylinder. 
Although it might seem at first sight 
that the cylindrical core should be 
arranged with axis horizontal within 
either a spherical or cylindrical pres- 
sure vessel, in both cases support of 
the core in the pressure vessel and sup- 
port of the pressure vessel itself offers 
problems which lead to a vertical axis 
cylinder being the preferred arrange- 
ment. 

While a right square cylinder is an 
ideal shape to use for neutron econo- 
my reasons, it is possible to vary the 
height to diameter ratio on such a 
core quite significantly without greatly 
increasing uranium investment. The 
table shows that Berkeley, Bradwell 
and Hunterston all have similar net 
outputs and the uranium investment 
is approximately the same although 
the D/L ratio varies from 1:56 to 
1-93. 

*The authors regard Berkeley, Bradwell and Hun- 
terston as Mk I stations, with Hinkicy Point as 


perhaps intermediate between these and a fully- 
fledged Mk II station 
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Advantages of high pressure 

In a conventional coal-fired power 
station the flow of furnace gases is 
maintained by forced and induced 
draught fans. At most the combined 
power consumption of these fans is 
not more than | to 14 pe of the total 
output of a modern station. In the 
gas-cooled nuclear reactor power 
station the corresponding auxiliaries 
are the blowers which circulate the 
CO, through the core and boilers. The 
exact proportion of blower power 
employed expressed as a percentage 
of station gross electrical output, is not 
disclosed by the designers of the vari- 
ous Mk I stations but may be assumed 
to fall within the range 10 to 15 pc. 
The heat removed from the reactor 
core for a given coolant temperature 
rise is proportional to mass flow. Cir- 
culator power is proportional to mass 
flow x head loss. There is therefore 
a considerable advantage to be gained 
in working at higher pressure. 


by H. WEST and A. L. SHAW The AElI-John Thompson Nuclear Energy Co Ltd 


sphere capable of taking the same 
cylindrical core with reasonable work- 
ing clearances must necessarily be 
some 40 pc larger in diameter. 

In addition unless the sphere and 
core are supported at the equator 
additional tensile stresses due to self 
weight are induced in the shell whereas 
with a cylinder such stresses may be 
eliminated almost entirely. A cylinder 
can therefore be worked at a higher 
hoop stress and in practice the increase 
in working gas pressure by using a 
practical form of sphere is only 10-20 
pe higher than the equivalent cylinder 
required to contain the same core. 

The combined cost of pressure ves- 
sel and biological shield for the spheri- 
cal vessel as compared with the cylin- 
drical form is greater. Also the greater 
span of the biological shield roof with 
its labyrinthine penetrations accommo- 
dating control and charge tubes in- 
creases some already notable engineer- 
ing problems. 


SALIENT DIFFERENCES IN GENERAL DESIGN OF MARK I NUCLEAR STATIONS 





BERKELEY BRADWELL HUNTERSTON HINKLEY POINT 
press. vessel shape cylinder sphere sphere sphere 
core dia/height ratio 1:75 1-56 1-93 1-76 
uranium wt per reac- 
tor—tonnes 252 240 251 370 
no of gas circuits 8 6 8 6 
type of blower axial axial centrifugal axial 
blower motors induction induction d.c. motors induction 
blower speed control hydraulic variable mercury arc variable 

couplings frequency rectifiers with frequency 

supply phase shifters supply 
source of blower main sets v. aux. turboalter- main sets aux turboalter- 
supply unit t formers nators nators 
no of main turboalter- 
nator sets 4 6 6 6 
size of turboalternator 85 MW 55 MW _ 60 MW 93-5 MW 


Sphere v. cylinder 

The formulae for working pressure 
in spheres and cylinders of identical 
diameter, shell thickness and material 
show that a sphere can withstand an 
internal pressure twice that of a cylin- 
der. It would therefore seem obvious 
that a sphere is the most attractive 
form, However as we have seen, the 
core is in the form of a vertical cylin- 
der and fits into a cylinder only very 
slightly larger than itself whereas a 
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Reinforced cylinders 

However, due to the higher pres- 
sure that can be obtained from spheri- 
cal construction the overall economics 
of the sphere and equivalent cylinder 
are similar for the range of output 
associated with the Mk I reactor. At 
lower outputs the cylindrical vessel 
shows an advantage. At higher out- 
puts the sphere is more advantageous. 
If however, the gas pressure in the 
cylinder can be increased by reinforce- 
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ment of the barrel this advantage is 
reversed. 

Some designers prefer the cylindri- 
cal vessel for a number of practical 
reasons quite apart from economics. 
For example, the head room over the 
core is independent of diameter and 
therefore for the same gas pressure as 
much space as is required can be made 
available above the core for the 
accommodation of charge tubes and 
fuelling devices. 


Number of circuits 

Gas circuits comprise boilers, duct- 
ing and blowers, together with appro- 
priate expansion joints and valves. For 
a given type of heat transfer surface 
the total cost of boilers varies fairly 
closely with total heat output, being 
largely independent of number em- 
ployed. The main saving by using a 
reduced number of boilers occurs in 
the foundation civil works required to 
support them, but the number of 
boilers is more likely to be influenced 
by the construction method adopted. 
The principal limiting feature in decid- 


ing the number of gas circuits is the 
design of duct work and its flexibility. 
Blowers can be built to individual 
sizes which impose no limitation on 
the number of gas circuits employed. 

Three out of the four British com- 
mercial stations employ the single- 
stage axial type of blower on the 
grounds of small physical size, effi- 
ciency and cheapness, a_ horizontal 
shaft arrangement being adopted in 
each case. Hunterston however em- 
ploys a vertical spindle centrifugal 
blower built into the bottom of the 
boilers. 


Blower systems 

Three out of the four stations favour 
squirrel-cage induction motors for 
blower drive on the grounds of sim- 
plicity, reliability and cost. Hunterston 
utilizes d.c. commutator motors, the ad- 
vantage being, of course, direct control 
of speed. With regard to control of 
blower speed, one station uses hydrau- 
lic couplings, two use variable-fre- 
quency auxiliary supply from separate 
turboalternators and Hunterston uses 


mercury-arc rectifiers with phase 
shifters to supply its d.c. motors. 
Hydraulic couplings have the advan- 
tage of eliminating special electrical 
supply arrangements but tend to be 
inefficient at low speeds. However, as 
these stations are to be operated on 
base load this is not a very important 
weakness. The use of variable-frequency 
auxiliary turboalternators has the 
merit of flexibility but the disadvan- 
tage of additional capital cost and space 
requirements. The use of mercury-arc 
rectifiers and phase shifters displays 
advantages and disadvantages prob- 
ably mid-way between the other two 
systems. The relative merits of driv- 
ing large auxiliaries such as_ the 
blowers from the main turoboalter- 
nator sets via unit or station trans- 
formers or from separate auxiliary 
turboalternator sets, have been the sub- 
ject of controversy in conventional 
power stations for many years. In 
Britain conventional practice favours 
the use of main sets feeding through 
unit and/or station transformers. 


World Power Conference, Montreal 1958. Paper 
88 B3/6. 
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Mechanical properties of uranium-molybdenum alloys 
by M. B. WALDRON, R. G. BURNETT and S. F. PUGH AERE, Harwell 





ALLOYS of the uranium-molybdenum 
system were selected for a preliminary 
determination of the mechanical pro- 
perties at temperatures up to 800°C. 
At the start, very pure uranium was 
not available in sufficient quantities for 
an extensive programme, but it was 
considered that useful conclusions 
could be drawn from the properties of 
alloys made from less pure material. 


Fabrication of alloys 

a. Casting. A series of alloys contain- 
ing from 0°85 to 13°5 pe molybdenum 
in uranium were melted in graphite 
crucibles in a vacuum high frequency 
furnace and cast in graphite moulds. 
High purity molybdenum chippings 
were placed underneath a uranium 
billet in the crucible. On heating, the 
uranium melted and flowed around 
the chippings, alloying with the molyb- 
denum. The temperature of the melt 
was then increased to 1500°C and 
held for 30 minutes to completely dis- 
solve the molybdenum. The alloy was 
cast into 24 in. dia. x 18 in. long 
graphite moulds and check analysis 
of the bars were taken. 

b. Forging (0:85-7°8 pc molybdenum) 
The 24 in. dia. billets in this range of 
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composition were forged at 850°C in 
air between flats to roughly 14 in. dia., 
finishing between hemicylindrical dies 
to } in. dia. The 0°85-2:2 pce molyb- 
denum alloys were too soft to handle 
at 850°C after the section had been 
reduced, and for these, the temperature 
was dropped for the final stages to 
750°C, the lowest at which they could 
be conveniently kept in the Y range. 
The alloys containing 10-13°5 pc 
molybdenum did not deform under 
the hammer even at 950°C, but tended 
rather to crack. In the a range (about 
640°C) all the compositions yielded 
bars too hard for forging. 

c. Rolling (0-85-7°8 pc molybdenum) 
The temperatures that had been used 
for forging were adopted for rolling 
the 7 in. dia, forged bars to ¢ in. dia. 
in 3 equal passes. Rolling of all bars 
in the range 0:85-7°8 molybdenum 
was possible, but as with forging it 
was not possible to roll the 10—13-5 
pe compositions even at 950°C. Crack- 
ing on cooling was evident after roll- 
ing the 1:5 molybdenum alloy. The 
finished bars ~ in. dia. x 3 ft long 
were cut into 18 in. lengths for heat 
treatment to produce the structures re- 
quired. 


d. Extrusion A_ separate batch of 
uranium containing 10-9 pe molyb- 
denum was extruded in a zircaloy 
sheath with a reduction area of 16:1 
at 850-880°C using a low ram speed 
of 4-1 in. /second. If extrusion at nor- 
mal speeds was attempted transverse 
cracking occurred. 


Testing equipment and methods 

A vacuum hot hardness tester was 
built capable of reaching 900°C and 
of being maintained at a vacuum of 
10-> mm/Hg. A diamond indentor of 
standard 136° pyramidical angle was 
directly loaded through a Wilson seal 
onto the specimen which rested on a 
platform surrounded by a nichrome 
wound heater. 

The tensile test pieces were machined 
after heat treatment to 0°338 in, dia- 
meter along a parallel portion in the 
centre of the test piece with } in. 
BSF threaded ends. All hot tensile 
testing was carried out in a gas box 
containing purified argon. 

The kinetics of the decomposition 
of quenched « uranium was investi- 
gated by measuring the changes of 
hardness with time of alloys contain- 
ing 6°6 pe molybdenum at tempera- 
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tures of 300°, 400°, 450°, 500° and 
580°C. Aging tests were also carried 
out at 400°C on all compositions from 
0°85 to 13-5 pe molybdenum. 

The uranium-molybdenum alloys 
are susceptible to a wide variety of 
heat treatments and develop interest- 
ing properties over certain composi- 
tion ranges which may be of technical 
advantage. Three groups of alloys can 
be distinguished in which hardening is 
due respectively: to solid solution of 
molybdenum in « uranium, to forma- 
tion of @ Y dispersions and to solid 
solution of molybdenum in Y uranium. 
Solid solution hardening of « uranium 
will be of value where neutron eco- 
nomy is of the greatest importance. 
The disadvantages of the non-isotro- 
pic behaviour of the «@ structure will 
of course remain although they may 
be modified by the greatly increased 
tensile strength and hardness relative 
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THE LACK of information on the 
tensile properties of irradiated uran- 
ium is due principally to the experi- 
mental difficulties involved. Results 
so far published are from the United 
States and cover only a limited range 
of irradiation doses and temperature. 
It was therefore decided to investigate 
at Windscale the effects of irradiation 
on the tensile properties of uranium. 
At the outset it was ‘clear that the 
problem could be approached in one 
of two ways. Test pieces could be 
either machined from unirradiated 
metal and subsequently irradiated, or 
they could be turned from irradiated 
bars. The former method would avoid 
the difficult machining problem, but 
would introduce substantial delays 
and difficulties in preparing and irra- 
diating the test pieces. For this reason, 
the second approach was preferred. 


Making tensile specimens 

The lathe was housed in a stan- 
dard Windscale shielded fumehood, 
94 ft long, 3 ft wide and 3 ft high, 
with the base 34 ft above floor level 
(fig. 1). The base, back walls and 
sides were made of 12 in. thick con- 
crete lined with lead sheet 2 in. thick. 
To the right of the cell a shielded 
compartment, 3 ft wide, was available 
for loading and unloading operations. 

It was decided to prepare the stan- 
dard No 14 Hounsfield tensile test 
piece for which a piece of uranium 
bar about 2} in. long is required. It 
is planned to allow sufficient cooling 
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to the unalloyed uranium. Alloys in 
the second group over the range 6-10 
pe molybdenum depend for their pro- 
perties on specific heat treatments ; 
they can be homogenized to obtain 
high ductility which favours working 
operations with the possibility of a 
precipitation treatment which develops 
a greater tensile strength accompanied 
by low elongation. The range above 
8 pe molybdenum in which the hard- 
ened Y solid solution can be retained 
down to room temperature on cooling 
is probably the only one in which the 
alloys have useful properties at tem- 
peratures above 600°C. 


Effects of irradiation 

It would be expected that irradia- 
tion would substantially reduce the 
properties of alloys in the first two 
ranges by reducing the stability of the 
two-phase dispersions, There is some 
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Machining 
by D. SHAW and W. 


time for the activity to reach 80 
curie-MeV before machining. Thus 
the main part of the front wall of 
the cell could be built in 6 in. thick 
lead, and other parts of the wall not 
directly in front of the lathe in 4 in. 
thick lead. 

A Myford, model ML7, 34 in. 
centre lathe was used, bolted in an 
inverted position to a heavy channel 
section frame, Thus swarf was pre- 
vented from falling into the lathe bed 
casting and other crevices. 

In normal workshop practice, 
approximately four tools would be 


evidence that alloys in the third range 
retain useful mechanical properties at 
elevated temperatures to a high burn- 
up. 

Alloys in this composition range 
have been irradiated up to 0°5 pe 
burnup of all atoms at temperatures 
of 500 and 700°C. These tests have 
shown that fission product gas swell- 
ing is reduced as the molybdenum 
content is increased. This is primarily 
attributed to strengthening of the 
@-uranium matrix. 


The ductility of the alloys in the 
present investigation was probably 
affected by the non-metallic inclu- 
sions. The extruded alloys were more 
ductile than cast alloys, but soaking 
an extruded 10°9 pc molybdenum 
alloy at 450-550°C resulted in em- 
brittlement. 


UKAEA report AERE M/R 2554. HMSO 1958: 7s. 


irradiated uranium 
G. HUFTON UKAEA Industrial Group 


used in turning the test piece. In the 
present operation it was important to 
keep the number of tool changes to 
a minimum. Trials on unirradiated 
material showed that two tools were 
sufficient. These comprised a ‘ rough- 
ing’ tool and a *‘ profiling, parting-off ’ 
tool. The latter was ground on each 
edge to the profile radius and was 
made fairly small in width for parting- 
off. The trials also showed that car- 
bide-tipped tools were satisfactory, but 
that high-speed tools quickly deterior- 
ated. As regrinding of the tools was 
not possible, it was found economical 


Access to the lathe is by 3-ft long tongs (Fig |) 
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to use replaceable carbide tips. A stan- 
dard *‘ Wimit Econotip’ was used for 
roughing, but a sepcial tip had to be 
made for the profiling and parting-off 
operations. 


Swarf disposal 

The lathe chuck was enclosed on 
three sides by a funnel, the front face 
of which was in perspex. The swarf 
drops into a mesh-bottomed container, 
underneath the funnel. When full, the 
container is placed in a larger can and 
a fluid mixture of builders plaster and 
water poured into it. After approxi- 
mately one hour, the plaster is set 
hard. In this way potential hazards 
such as spread of contamination and 
combustion of the swarf were avoided. 

It was found that the depth of cut 
that could be applied to the irradiated 
bar was smaller than that for unirra- 
diated uranium, During the ‘ rough- 
ing’ Operation, the maximum cuts 
were 0:040 in. and 0-060 in. for the 
irradiated and unirradiated material 
respectively. On the whole cuttings 
from the irradiated bar were smaller 
than those from the unirradiated bar, 
and there was no tendency for long- 
curled turnings to be formed; other- 
wise there was little difference in 
machinability. Although a few of the 
turnings ignited during turning, they 
were rapidly extinguished and there 
was no air contamination. 


With the equipment described, 


The lathe is inverted 
so that swarf falls 
straight into the 
collection chute. 
The tail-stock is not 
used so that the 
maximum length of 
workpiece is only 
about 2 in. The 
tool-post is moved 
by a handwheel 
drive through bevel 
gears so that the 
operator’s hand is 
not in the line of 
direct radiation 
from the workpiece 
( Fig 2) 


single-shoulder tensile test pieces, not 
more than two inches in length, can 
now be turned from irradiated uranium 
bars to tolerances of = 0-001 in. in 
diameter and = 0-010 in. in length. 

Tensile testing was carried out on 
a Hounsfield Tensometer modified to 
permit remote handling of the speci- 
men behind a lead enclosure. 

To commission the apparatus and 
to prove its performance, a test piece 
was machined from a piece of ‘as 
cast’ irradiated uranium of indeter- 
minate history. The results from the 
tensile test on this, and on a piece of 
similar unirradiated uranium, are 
quoted below. 





0-2 PC ESTIMATED 
CONDITION PROOF U.T.S. PC 
STRESS  (t.s.i.) ELONGA- 
(t.s.i.) TION 
as cast, 
unirradiated 25:0 32:0 3-8 
as cast, 
irradiated 34-2 35-0 0-35 


Other than noting that the proof 
stress of the irradiated material is 
appreciably higher, and the elongation 
substantially lower, than the corres- 
ponding values for the unirradiated 
material, it is not proposed to com- 
ment further on these differences. 
UKAEA report IGR TN/W 905. HMSO 1958: 3s. 
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THE WIDE and increasing use of 
gamma sources, particularly in less 
familiar hands in industry, demands 
a ready method of calculating the 
hazard. At a single setting this calcu- 
lator interrelates source strength, lead 
screening thickness, distance from 
source, and gamma doserate (and 
maximum safe handling time per day). 
To keep the instrument self-contained 
and simple, its scope is restricted to the 
seven most widely used gamma-emit- 
ting isotopes: Na-24, Co-60, Ra or 
Rn, Ta-182, Ir-i92, Au-198 and I-131. 
This model is actually Mark II but 
it differs from the Mark I only in the 
revised calibration for Ir-192 and re- 
vised doserates recommended by the 
ICRP. Made in white plastic with a 
transparent cursor, the instrument 
comprises two concentric discs of 22 
and 17 cm diameter marked with the 
following scales: 
1, Outer scale of large disk- 
gamma doserate in roentgens per 
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The Mk Il isotope handling calculator 


by R. 


hour (D) and maximum safe 
handling time per 8-hour day 
2. Inner scale of large disk—dis- 
tance from source in cm and 
in. (d) 
3. Outer scale of small disk—source 
strength in curies (C) 


The new calculator is about 9 in. 
dia. It uses the new ICRP doserates 





WEST Isotope Division, AERE, Harwell 


4. Seven inner scales of small disk 
—lead thickness, scale for each 
isotope. 

The calculator is used either by align- 
ing scales 2 and 3 to relate 1 and 4, 
or vice versa. 

In the simplest terms, handling and 
shielding factors are related by 

D = CRE 
d? 
where K is the fractional transmission 
through an absorber and R is the 
doserate given by the unshielded iso- 
tope (R/h/curie at distance d). 

The various values of R for each 
isotope are incorporated by scale re- 
lationships. Values taken of K for each 
isotope are the results of attenuation 
measurements and are expressed in 
terms of lead thickness in inches on 
the seven innermost scales. 

Calculators are available from the 
Isotope Information Office, Harwell. 


UKAEA report AERE I/R 1063 (revised). HMSO 
1958: Is 9d. 
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REACTOR PROBE 
flux and fuel distribution 


A reactor probe system developed by 
their US associates, Teleflex Inc, has 
been announced by Teleflex Products 
Ltd in the UK. Based on the use of 
activation wires and neutron sensitive 
thermopiles, the system is adaptable to: 
power distribution, time and space varia- 
tions of burnup, neutron spectra and 
flux measurements. 

Flux distributions are measured by 
activation wires contained in hollow 
titanium cable, inserted into vertical 304 
stainless steel instrument thimbles strate- 
gically located within the core, The acti- 
vation wires are individually or simul- 
taneously conveyed into the core on the 
end of Teleflex carbon steel drive cables 
by a remote positioning mechanism and 
exposed to the neutron flux for a speci- 
fied period. A detecting nuclide, uni- 
formly distributed throughout each acti- 
vation wire, becomes activated by neu- 
tron absorption during this time inter- 


thimbles. These wires remain within the 
reactor at all times, except for short 
intervals when they are removed for a 
fuel distribution or flux distribution mea- 
surement. Thus, the uranium isotope 
burnup percentages at a given point in 
a fuel-doped wire should be identical 
to those that would be found in a fuel 
element at the same location, with a 
correction for differences in self-shield- 
ing. The ratios of the isotope burnup 
percentages or of remaining isotope con- 
centration can be directly related to the 
remaining total fuel concentration at a 
given point. 

Neutron-sensitive thermopiles are used 
for instantaneous point measurements. 
They are attached to titanium thermo- 
electric cable which conveys the output 
signal to a fast-response recorder located 
in the read-out room. 


The construction of the Teleflex instru- 
ment thimbles, and their penetration into 
the reactor pressure vessel is such as 
not to impair or limit the integrity or 
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val. The wires are now withdrawn from 
the instrument thimbles and the specific 
beta-activity emanating from the detect- 
ing nuclide measured along the wire 
by an automatic scanning system. The 
distribution of activity along the length 
of the wire is proportional to the ther- 
mal flux distribution. 

In the measurement of fuel distribu- 
tion, small diameter wires doped with 
reactor fuel are inserted into selected 
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life of the reactor. Since the detecting 
elements and adjacent lengths of cable 
will be exposed to high fluxes, they are 
designed to the maximum extent pos- 
sible for low activation and/or fast radio- 
active cooling. This is required to mini- 
mize shielding and personnel protection 
requirements during operation and re- 
moval of the elements from the reactor. 
Decay positions are designated and used 
during operation to permit rad:oactivity. 
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The Teleflex position mechanism pro- 
vides a means for inserting, positioning 


and removing the detecting elements 
from the instrument thimbles, Coinci- 
dental insertion and removal of the de- 
tecting elements permits simultaneous 
and equal activation times for all wires 
in a given measurement. The drive mech- 
anism drives, controls, and stores the 
various drive cables and detecting ele- 
ments. 


Tick No 201 on reply card 


GAMMA RAY 
ELECTROMETER 


for U slurry concentration 


A gamma ray electrometer has been de- 
veloped by Electronic Instruments in 
conjunction with the UK Atomic Energy 
Authority, to meet a special requirement 
for measuring the concentration of ura- 
nium ore in a slurry. 

The measurement ‘has to be made 
whilst the slurry flows through a steel 
pipe in an ore treatment plant. The ab- 





Measuring gamma-ray absorption in 
a slurry, EIL electrometers are in 


use at AEA uranium processing 


plants 


sorption of the gamma rays in the pipe 
varies with the density of the slurry. 
This change in absorption, however, is 
small compared with the total gamma 
flux incident on the ionization chamber. 
Therefore, an instrument is required 
which will measure a small change in the 
presence of a large signal. 

The Electrometer is designed around 
the E.L.L. Vibron unit, an electro-mech- 
anical device which replaces the electro- 
meter valve and provides a far higher 
degree of sensitivity and stability than 
can be attained by conventional valve 
circuits. 

Tick No 202 on reply card 


COLD JUNCTION BOX 
for remote thermocouples 


A cold junction box, for use when a 
large number of thermocouples are sited 
an appreciable distance from their indi- 
cating or measuring points, has been in- 
troduced by Sunvic Controls. The unit 
can be installed on the plant and ther- 
mocouple leads gathered to it for auto- 
matic compensation. The distance from 
cold junction box to indicating/measur- 
ing point can then be covered by ordin- 
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Sixteen pairs of copper-constantan 
leads are contained in Sunvic’s cold 
junction box 


ary copper cable with a consequent con- 
siderable saving in cost. 

In addition the cold junction box gives 
greater accuracy than normal methods of 
compensation and is usually set to main- 
tain a temperature of 60°C + 0-1 pe. 
This accuracy is essential for most forms 
of data handling. 

The unit accommodates sixteen pairs 
of copper constantan leads, the sixteen 
compensating cables and a cold junction 
thermostat. A test thermometer can be 
inserted to check the performance of the 
latter. 

Tick No 203 on reply card 


ELECTRODE FOR MILD 

STEEL 

fast and easy flowing 
A new electrode, designed for fast and 
economic welding of mild steel, is now 
being manufactured by Quasi-Arc Limi- 
ted. Known as the Mirrospeed, it is said 
to be easy to use and a ‘touch’ tech- 
nique is preferred so that even a moder- 
ately skilled welder can achieve sound 
results. The electrodes are suitable for 
production work where high output and 
good weld profile are of major impor- 
tance since the characteristics include 
smooth running, quiet arc and fluid, yet 
easily-controlled, slag. Easy slag detach- 
ability enables de-slagging to be kept to 
a minimum. 

The electrodes are satisfactory for 
welding in all positions and are particu- 
larly suitable for flat and horizontal-ver- 
tical fillet welding and flat butt welding. 
In fillet welding the electrode can be 
‘drawn out’ to give very long run 
lengths. In addition, it is usual to use 
one size larger gauge than normal, so 
that even longer runs can be made at 
high speeds, and less time is lost in 
changing electrodes. 

Mirrospeeds are manufactured in sizes 
ranging from 12 swg to 4 swg inclusive. 
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They are fully extruded and coded under 
B.S.1719:1951 classification as E.217, cor- 
responding to the AWS/ASTM classifica- 
tion E.6012. They can be used on a.c. 
or d.c.; in the case of d.c. the electrode 
can be connected to either pole. The 
electrodes conform to B.S.639:1952, and 
are approved by Lloyds Register of 
Shipping and the Ministry of Transport 
and Civil Aviation for welding mild steel 
in all positions. 

Tick No 204 on reply card 


NEW ISOTOPE CONTAINERS 
lightweight for radiography 
Main features of the new GammaX iso- 
tope containers for radiography are their 
low weight to protection ratio, simpli- 
city of action and tolerance of bad 
weather conditions. Two sizes are avail- 
able: one is for Ir-192 or Tm-170 giving 
a doserate of 7-5 mr/h at one metre when 
loaded with 3 curies of Ir-192. Weighing 
only 74 lb it is particularly suitable for 
site work; a lead-lined box is provided 
for protection during transport. The 
second container, recommended for fac- 
tory use, has a minimum protecticn of 
13 in. of lead and weighs under 20 lb. 
This will shield 35 curies of Ir-192 or 
4 curies of Cs-137 to 7-5 mrv/h at one 

metre. 

Made throughout from _ non-rusting 
materials, they have no cast parts ex- 
cept for the protective thickness. Other 
features are complete protection of the 
source from corrosion or damage both 





GammaX isotope holder gives all- 


round protection for radiography 


in the container and handling rod. When 
using double-wall techniques the source 
can be placed about } in. from the speci- 
men without removal from the container. 
Tick No 205 on reply card 


SUPERFINE MoS, POWDER 


particles down to } micron 
The emergence of molybdenum disul- 
phide as a solid lubricant capable of 


withstanding pressures of 4 million psi 
and over, and of operating in high tem- 
peratures, has been an outstanding deve- 
lopment during the past few years. How- 
ever, the particle size reduction of MoS, 
has always been a difficult undertaking. 
Ordinary milling and similar processes 
are ruled out as they cause oxidation of 
the material leading to the formation of 
molybdenum trioxide which has no lubri- 
cation characteristics. 

The finest powders generally obtain- 
able have average particle sizes of } 
micron to 3 micron. It is possible to re- 
duce MoS, particles in liquids, in ball 
or roller mills. But it is often found that 
such quasi-colloidal dispersions are not 
as effective as the flake materials. There 
appears to be a loss of some of the ad- 





In molybdenum disulphide by Moly- 

Paul, flake-like structure has been 

retained; no change in pH was 
detectable 


vantageous properties of MoS, possibly 
also due to oxidation. 

Moly-Paul now inform us that, by 
means of a quasi air flotation method 
they have produced, on a commercial 
basis, a molybdenum disulphide powder 
of average particle size of } micron to 
4 micron. Trial production batches have 
shown considerable consistency of re- 
sults. The particle size distribution of 
this new Moly-Paul Superfine Powder 
shows a distribution of over 65 pe under 
4 micron particle size. The advent of 
Moly-Paul superfine powder is likely to 
lead to great advances being made in 
the field of liquid dispersions of molyb- 
denum disulphide. 

Until full production commences, ex- 
perimental samples only will be avail- 
able to interested parties. 

Tick No 206 on reply card 


SPECIAL VOLTMETER 
measures low frequency r.m.s. 
Just developed, and now available from 
Crompton Parkinson, is a special type of 
voltmeter which will be of particular 
interest to engineers who are faced with 
the problem of reading steady r.m.s. volt- 
age values on very low frequency, 3- 
phase a.c. supplies. Such a_ problem 
arises, for example when, for the opera- 
tion of nuclear reactor control rods, use 
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is made of very low-speed motors on a 
3-phase a.c. supply, the frequency of 
which varies from zero to 2 c/s. When 
taking voltage measurements at these low 
frequencies, the instantaneous value of 
voltage varies so slowly that the pointer 
of an ordinary instrument has time to 
follow it, instead of indicating a steady 
r.m.s. value. 


The new instrument is basically a d.c. 
moving-coil voltmeter operated from a 
phase-splitting network with full-wave 
rectification. This network produces 
twelve impulses per cycle across the in- 


strument movement, thus reducing the 
magnitude of the applied ripple voltage 
and simultaneously increasing its fre- 
quency. As a result, the instrument may 
be used to indicate the r.m.s value of an 
applied 3-phase voltage at any frequency 
from 0 to 2500 c/s. 

Tests have shown that the pointer de- 
viation either side of the mean indication 
amounts to no more than 0:3 pce at 2 c/s, 
0-7 pe at 1 c/s and 5 pc at 0-04 c/s. Both 
switchboard and portable forms of the 
instrument are available. 


Tick No 207 on reply card 








Ruston’s nuclear division, working on 5-25 


MW power stations, developed 


this gas-bearing circulator. Overall length of circulator and rotating assembly 
is 4 ft 9 in. 


GAS-BEARING CIRCULATOR 


for auxiliary reactor circuits 


Ruston & Hornsby recently announced 
the introduction of a gas-bearing circu- 
lator. This unit has been developed by 
the company’s Nuclear Division and is 
intended for use where it is necessary 
to circulate gas at high temperature and 
pressure without leakage—this require- 
ment is frequently encountered in the 
nuclear field. In order to eliminate the 
need for oil bearings, the rotating assem- 
bly of the circulator is carried on bear- 
ings which use the pumped gas—air, car- 
bon dioxide or helium—as a bearing 
fluid. The production of these bearings 
calls for exceptionally high standards of 
machining, the shaft diameter being cor- 
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rect to within 50 micro inches over a 
54 in. length. 

The capacity of the class NFB circu- 
lator was chosen after carrying out an 
investigation of the probable require- 
ments of a number of potential users, 
both in the UK and abroad. As pro- 
duced, the unit is capable of satisfying 
current demands for engineering labora- 
tory experiments and for the auxiliary 
circuits of large gas-cooled reactors. 

The gas-bearing circulator will be used 
in experiments within Ruston’s own Re- 
search Centre to further the work on the 
design and development of nuclear power 
stations of 5-25 MW output. Design 
limits are 450 psia and 450°C, Speed 
range is 10:1 when driven by a variable 
frequency a.c. supply. 

Tick No 208 on reply card 
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IN BRIEF 


Temperature probe Texas Instruments re- 
cently showed in the US a new Sensistor 
silicon crystal sensing device. They have 
a constant positive temperature coeffi- 
cient and are made in very small sizes. 


Tick No 209 on reply card 


Remanent relays Telephone Mfg Co 
announced that P.O. type 3000 and 600 
relays are now available with remanent 
cores. They remain latched up on receipt 
of a signal until cancelled by another. 


Tick No 210 on reply card 


Microsecond stopcock Venner_ Elec- 
tronics have given advance details of new 
unit, type TSA 24. It is fully transistor- 
ized. 

Tick No 211 on reply card 


Electric hoist New }-ton Matterson model 
is available for max. lifts of 23 and 45 
ft as a runway hoist or for fixed sus- 
pension, Control is by pendant push 
buttons. 


Tick No 212 on reply card 


Coolant clarifier Available from stock 
from Philips Electrical is their new 
Magna-Drum. Made in a ceramic, it is 
magnetic all over its surface. Cutting oil 
flows of 300-5000 gph can be handled 
and all swarf removed. 


Tick No 213 on reply card 


Instant Tin is the name of a new plat- 
ing solution brought out by Desert 
Laboratory. Brief immersion at room 
temperature gives workable deposit— 
ideal for printed circuits, rivets, nails 
etc—and heavier coating can be ob- 
tained if required. 


Tick No 214 on reply card 


Strain gauges Available either as ex- 
pander or bender elements are two new 
types of vibration strain gauges, pro- 
duced by Technical Ceramics Ltd. They 
are made in piezoelectric ceramic, have 
a wide temperature range and flat tem- 
perature coefficient. 

Tick No 215 on reply card 


Graphite heat exchanger Further’ model 
with a heat exchange area of 300 sq ft 
has been added to Powell Duffryn Car- 
bon Products range. There are now 30 
standard models covering areas of from 
4 to 300 sq ft. 


Tick No 216 on reply card 


Germanium diode Dimensionally iden- 
tical with VA 713 this diode (VA 719) 
has increased current rating of 20 amp 
at 35°C. Available as a single unit or 
in multiple units fitted with fins and 
assembled into stacks taking up to 130 
amp and 223 V (d.c.). 


Tick No 217 on reply card 
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been to Russia and is now in Japan 
leads me to the inescapable conclusion 
that someone is trying to retire him, 
using Parkinson’s method (see Parkin- 
son's Law, p 109 et seq.). Briefly, this 
involves an intensive sequence of high- 
level meetings and social functions 
liberally interspersed with long-dis- 
tance air travel at frightfully incon- 
venient times. After a few months of 
this treatment, broken by odd days 
back in the office with a carefully- 
arranged mounting in-tray, most vic- 
tims should be reaching the state 
where they feel they are too old for 
the game and retire, much to every- 
one’s satisfaction. This year alone Sir 
John has been to Spain, Denmark, 
Switzerland (twice), Italy, Belgium, 
Irak and now Russia and Japan. In 
addition he has made innumerable 
trips up and down the UK making 
speeches and attending functions of 
all kinds. He is indeed Britain’s atomic 
ambassador extraordinary and we 
should be grateful for the splendid 
work he is doing, but one begins to 
wonder how long he can keep it up 
at this rate. 

Like the generals, Sir John must have 
a great fund of memories and I hope 
he is taking steps to ensure that the 
full story of the early days of atomic 
energy in this country is recorded 
for posterity. 


CLIMBDOWNS are always difficult to 


manage without loss of dignity but 
a good example of this type of feat 
recently came to my notice from the 
British Standards Institution. Last 
year the Institution published its con- 
troversial British Standard 2929— 
Safety colours for use in industry— 
which, amongst other revolutionary 
proposals, recommended that since red 
was to be taken as a sign of danger 
a red cross on the first aid equipment 
was inappropriate. Green, being the 
colour for safety and security, BS 
2929 said in effect ‘out with red 
crosses, in with green.’ This was cer- 
tainly pretty strong meat and I must 
say I have yet to see it used. However 
the idea has now been killed off at a 
very early age because it seems that 
the green cross ‘might possibly be 
considered as an infringement of cer- 
tain registered trade marks.’ What 
rows, what threats I wonder lies be- 
hind this graceful little statement? To 
get over this impasse the BSI now 
recommend the words FIRST AID in 
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Cross Section ., craccius 


NEWS that Sir John Cockcroft has just 


bold white letters on a green rectangu- 
lar background. What nonsense! The 
international red cross has been uni- 
versally understood and respected for 
50 years or more and it was a mistake 
in the first place to try and put over 
this green business for crosses. Now 
it’s failed, to attempt to preserve the 
sacred cow of a principle by this ab- 
surd green box just looks like obstin- 
acy. I'm all for progress and hate to 
be thought a backwoodsman but even 
I recognize that there’s some things 
you can’t alter, however much it might 
be desirable purely on grounds of prin- 
ciple. Come along BSI, think again 
about this! You'll have plenty of time. 


IT IS, I think, generally agreed that the 


UKAEA’s press and public relations 
department do a very good job but 
I sometimes wish they could be a 
bit more informal in the way the 
Americans are. For example I re- 
cently saw two strangely contrasted 
press releases, one on the AGR from 
the AEA and the other on further 
contracts for EBR-lI, put out by the 
Argonne National Laboratory. The 
British effort was very terse and fac- 
tual but it was completely impersonal 
and left a lot unsaid. The Argonne 
release was much more relaxed and 
yet gave more information. While we 
just have cold facts thrown at us, in 
America the same sort of facts are 
always attributed to someone or other 
(.. . said Leonard J. Koch, deputy 
director, Reactor Engineering Divi- 
sion). It may be argued that this adds 
nothing, but I am old-fashioned enough 
to believe that people are interested 
in people and that the inclusion of 
names of men associated in an im- 
portant new project like the AGR make 


a far more readable story—as well as 
giving credit to those concerned. 


The aGR release, too, is awfully 
vague about the contractual arrange- 
ments made by the AEA. Were these 
jobs put out to tender? What is the 
value of the individual contracts? 
Argonne on this subject is quite ex- 
plicit: not only does it give the value 
of the successful contract but also 
that of the eleven unsuccessful bids. 
I suppose it’s just dear old commer- 
cial security at work again but it is 
extraordinary how little there is of 
this in the United States where compe- 
tition for every atomic energy job 
is fierce and unrelenting. Isn’t it about 
time we had a bit less of this in the 
AEA? After all they are spending tax- 
payers’ money and the public have a 
right, where national security it not 
involved, to know whether or not the 
Authority is getting its work done at 
the best price. Well done, I say, to the 
firms who have got these aGR jobs but 
I would be happier if I knew just how 
they came by them. 


ALTHOUGH the coroner’s inquest re- 


turned an open verdict the case of 
Lieut. Franklin remains somewhat of 
a mystery. Franklin, it will be recalled 
attended the H-bomb tests at Christ- 
mas Island in 1957 as a radar officer 
in the aircraft carrier Warrior and 
later died of aplastic anaemia. At the 
inquest it was reported that a post- 
mortem did not reveal any abnormal 
amounts of strontium-90 in the bone 
and apparently no other cases of 
diseases of this kind have been re- 
ported among those assisting at the 
tests. Yet it is known that radiation 
can be a cause of aplastic anaemia 
and Lieut. Franklin had apparently a 
completely clean bill of health until 
his fatal illness. Thus an open verdict 
and a continuing mystery. In the words 
of Mr J. F. Glanville, for Mrs Frank- 
lin ‘one of the most alarming aspects 
of radiation is our ignorance of it.’ 


WINDSCALE—a.d. 2008 


I met a traveller from an antique land 
Who said: Two vast and trunkless legs of stone 
Stand in the desert. Near them on the sand, 
Dog-eared, a short White Paper lies, whose damn- 


ing verdict and words of cold command (338) 
Tell that its author well those clangers read 
Which yet survive, stamp’d on these lifeless things, 
The hands that dropped them—proper carve-ups made; 


And on the pedestal these words appear 
* My name is Alexander. Oh what sins! 
Look on my works ye Ops staff and despair !’ 


Nothing beside remains. Round the decay 
Of that colossal wreck, boundless and bare 
The lone and level sands stretch far away. 


with apologies to P. B. Shelley 
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AN OUTSTANDING British export 
order has recently been completed by 
Albert Mann’s Engineering Co Ltd. It 
consists of a Stanat/ Mann rolling mill 
for the French Commissariat a |’Ener- 
gie Atomique and the machine is 
shortly to be delivered to Saclay where 
it will be installed in a very large glove 
box and used for working plutonium 
and other radioactive and toxic mater- 
ials. Progress was recently invited by 
Mann’s to visit their Basildon, Essex 
factory where the mill had been fully 
assembled and we were able to see a 
demonstration of the completely auto- 
matic roll-changing which is a feature 
of the machine. The company have 
already supplied special small mills of 
this general type to the UKAEA for 
Aldermaston, Culcheth and Dounreay, 
to the French CEA and to the Belgian 
Centre d'Etudes. The latest mill how- 
ever, with rolls 10 in. dia and 14 in 
face-width, is considered a great ad- 
vance since all operations are con- 
trolled from a small console outside 
the glove box. 


Ward-Leonard control 

The mill is a reversing combination 
machine with four sets of rolls, viz.: 
2-high hot breakdown, 2-high cold in- 
termediate, 4-high cold finishing and 
a hot rod section mill. Each set of 
rolls is self-contained in its own chocks 
and the sets not in use are held on a 
carriage which moves on rails along- 
side the frame. Individual roll units 
are slid across the carriage by a lead 
screw fitted with Pollard thrust bear- 
ings and driven through a pinion by a 
hydraulic motor. Power for the rolls 
is provided by a 100 h.p. Crompton 
Parkinson motor driving a pair of uni- 
versal shafts through a double-helical 
reduction gearbox. This motor is sup- 
plied by a motor-generator set on a 
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common bedplate working on the 
Ward-Leonard system. 


Torque and pressure measured 

The 2 h.p., infinitely-variable speed 
screwdown motor is mounted on top 
of the gearbox and drives the twin 
screw-down gears through a universal 
shaft. A Westool magnetic clutch en- 
ables individual adjustment of each 
side to be carried out. Armature cur- 
rent for the screwdown motor and 
field excitation for the Ward-Leonard 
set are supplied by a new system of 
pulse-controlled thyratrons developed 
by Mann’s and is claimed to give very 
fine control of speed and torque. The 
rolling performance is as folows: max. 
rolling load 600,000 Ib: rolling speed 
at constant torque, 5-80 fpm: rolling 
speed at constant power 80-160 fpm. 


PROGRESS IN INDUSTRY 


British rolling mill 


for France 


This Stanat/Mann 2-high/4-high combination mill is 
designed for argon glove-box operation. All operations, 
including roll-changing, are carried out by remote 
control. In this view, the hot section rolls are in place. 


Davy-united load célls are used to 
gauge the roll pressure and torque is 
measured by strain gauges cemented 
to both universal shafts, currents being 
taken out by means of slip rings. A 2 
pen high-speed recorder is provided on 
the control desk for roll pressure and 
roll neck torque. 


Electro-hydraulic system 

Roll changing is done by a pro- 
grammed sequence using an electro- 
hydraulic system. On selecting a given 
roll configuration on the console the 
following actions take place: the 
screwdown disconnects and rises to 
accept any roll configuration, the roll 
ends of the universal shafts are sup- 
ported, the jibs retaining the chocks 
in the mill housing are withdrawn and 
the complete roll assembly withdrawn 





Points of interest at rear of mill are as follows: 2 h.p. screwdown motor on 
top of main gearbox, twin universal drive shafts with raising gear on the mill 
frame, squared ends of roll units on traversing carriage 
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onto the carriage. The drive shafts are 
now adjusted in height to suit the new 
roll unit, the carriage is moved to 
offer it up and the unit is then driven 
into the frame where the squared 
ends of the drive shafts are waiting 
to enter the rolls. The jibs now lock 
the assembly and after the screwdown 
has been connected, the mill is ready 
for operation. To ensure perfect en- 
engagement of the drive spindles the 
sequence is locked by a photoelectric 
device so that it can operate only when 
the squared driving ends on the uni- 
versal shafts are aligned with the 


female drive sockets on the rolls. Inch- 
ing control is provided to bring the 
shafts to the correct position. 

Components for the hydraulic sys- 
tem and the pump were supplied by 
Keelavite Hydraulics. The sequence 
control is carried out by solenoid- 
operated valves operated by relays 
which are energized by signals from 
Square D limit switches on each opera- 
tion. 

When installed, the entire mill will 
be in the glove box enclosure. For 
operation in argon atmospheres d.c. 
motors are undesirable as the gas is 


easily ionized, which causes electric 
breakdown. Thus the gearbox and 
motor are kept outside of the box, the 
fixed ends of the universal shafts en- 
tering through seals. 

Also seen at Mann’s on this occa- 
sion was a 5 in. dia by 5 in. face- 
width 2-high/4-high combination mill 
with three sets of rolls installed in a 
stainless steel glove box. This is shortly 
going to Dounreay to form part of a 
fuel element assembly line. Unlike the 
larger French mill, it is not however 
remotely controlled, roll-changing be- 
ing done manually in gloves. 


Bellows expansion joints for gas ducting 


ALL THE BRITISH nuclear power 
stations now building use several in- 
dependent gas-cooling circuits for each 
reactor. To cope with thermal expan- 
sion the ductwork in each case incor- 
porates a number of bellows joints 
which permit angular deflexions. In 
each design the ductwork geometry is 
arranged so that it lies entirely in one 
vertical plane: thus one degree of an- 
gular freedom is all that is needed at 
the joints. Across each joint the ducts 
are connected by external trunnions 
and pins lying normally to the plane 
of flexure: these ensure that there is 
no axial load on the bellows. Inside 
the bellows a short length of internal 
duct welded to one pipe projects with 
an adequate radial clearance into the 
other pipe. This smooths the flow 
through the bellows and protects the 


convolutions from possible erosion 
effects. 
Substantial order 

Bellows for Berkeley, Hunterston 


and Hinkley Point stations are being 
supplied by the German company, 
Industrie-Werke Karlsruhe through 
Engineering Appliances Ltd and Mr 
V. Westerman a director of the British 
firm, recently supplied us with some 
interesting details of these contracts. 
The bellows for Berkeley and Hunter- 
ston are of 5 ft dia and about 250 
are required. Those for Hinkley Point, 
to, the order of Babcock & Wilcox, 
are of 5 ft 6 in. dia. The units for 
Hunterston (GEC) are being supplied 
as complete units with restraints: the 
orders for Berkeley (AEI-JT) and 
Hinkley Point are for bellows only. 
IWK have specialized in the con- 
voluted and corrugated metal field for 
“over 60 years and for these joints use 
a hot-forming process which results in 
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Prototypes for British power stations pass severe tests 


a bellows thick enough to withstand 
very high pressures, yet thin enough 
to give adequate flexibility, The bel- 
lows are formed from steel sheet rolled 
into a tube and longitudinally welded 
by argon-arc. Using a special IWK 
machine, local heating is applied to 
the plain tube and the convolutions are 
rolled one at a time. During forming, 
an axial load is applied which slightly 
closes up the convolutions. 


Test conditions 

Following successful prototype tests 
on the 5 ft dia. bellows, designed for 
operation at 165 psi, 750°F, tests on 
the 5 ft 6 in. Hinkley Point bellows 
have recently been concluded in Karls- 
ruhe. These included a life test at 
230 psi, 770°F, and a bursting test— 
both to destruction. The bellows tested 
was + in. thick of 1 pe Cr, 0°5 pc 
Mo steel, heat-treated after forming. 
Convolutions were of about 14 in. 
pitch with a height of 24 in. Eight 
convolutions were used for the life 
test and 5 for the bursting tests. 





For the life tests on the Hinkley bel- 


lows the unit was mounted verti- 
cally in this insulated enclosure. 
Angular movement is given by the 
cross beam and crank mechanism 


The test bellows complete with 
flanges and axial restraints was fitted 
top and bottom with’ flanged dished 
ends and filled with'CO,. Heat was 
supplied by a number of resistance 
heaters in thimble tubes entering the 


Ultimate bursting pressure was determined by mounting a section of convolutions 
on the flat rim of a wheel-type assembly. The space between the bellows and 
rim was filled with water which was then pressurized until failure occurred 
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The bellows is badly deformed but 

failure has not yet taken place. A 

circumferential split occurred at nearly 

five times the normal working pres- 
sure 


top dome, The unit was mounted ver- 
tically and movement given to the 
top closure by a beam and crank 
assembly as shown in the photograph. 
The entire rig was enclosed in an in- 
sulated box. 


To start with, the assembly was 
given 1250 complete cycles through 
3 deg. under hydraulic pressure. It 
was then given 1250 cycles with gas 
at 230 psi, 770°F and from this point 
to a total of 12,000 cycles the pressure 
and temperature were dropped to am- 
bient every 500 to simulate working 
conditions. During this test a proof 
pressure of 460 psi was applied. After 
12,000 cycles there was still no sign of 
failure so the angle was increased to 
a total of 5 degrees and at 14,520 
cycles the bellows failed non-catastro- 
phically, by a gradual circumferential 
crack. 


Bursting test 

The total load on the two restraint 
pins was over 716 tons and at the end 
of the test they were found to be in 
reasonable condition. During the 
proof test to 460 psi, strain gauging 


Welding Hunterston boilers 


Quasi- Arc make special booms 


AN AUTOMATIC welding installation 
incorporating one of the largest travers- 
ing and swivelling booms in the world is 
now in operation at Hunterston for fab- 
ricating the 734 ft < 194 ft dia boiler 
shells, Each vessel is built up from six 
strakes, consisting of three shaped plates, 
plus a top and bottom head and a sup- 
porting skirt, and all the fabricating is 
being done on site by the Motherwell 
Bridge and Engineering Co Ltd in a large 





The big boom undergoes tests at 
Quasi-Arc’s factory 


welding shop. Basically the working area 
is divided into two bays: in the first the 
strakes and ends are assembled and tack 
welded, in the second the shells are com- 
pleted by two specially built Quasi-Arc 
traversing booms. The longitudinal seams 
are welded first by the big boom, each 
strake being supported on one of the 40- 
ton roller-beds, and the strake is then 
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passed via turntables to a parallel set of 
rails for circumferential welding by a 
smaller boom. Running on a separate 
track alongside the roller bed track, this 
normally operates at right angles to the 
axis of the section welded. At the same 
time the larger boom can be turned 
through 90 degrees and also brought into 
action over the second set of rails. It 
runs on the same rails as the roller beds 
and is constructed to swivel right through 
360 degrees if necessary. 

Speeds can reach 60 in./min 

All welding is carried out by the 
Unionmelt process, each boom being 
fitted with two multi-power welding 
heads. In this method of welding two 
wires are used, each operating indepen- 
dently with its own power source, feed 
motor, voltage control and nozzle assem- 
bly, and both are fed into a common 
weld pool. Maximum current is 2000 
amps, and this and the arc voltage can 
be controlled separately for each wire 
to give flexibility in adjusting weld shape 
and penetration. This helps to get the 
best results at maximum welding speeds, 
which are very high in this process—the 
welding speed traverse is controllable up 
to 60 inches a minute, 

Both booms can carry out external 
work on vessels something over 20 ft in 
dia and the larger can cope with an in- 
ternal weld 22 ft long. The operator 
either lies or sits at the welding head 
and from here he can control all func- 
tions of both the boom and the travers- 
ing roller beds supporting the workpiece. 

The ten roller beds are arranged with 
welding speed traverse facilities so that 


showed very small distortions and no 
permanent set. 

To determine the absolute bursting 
pressure a bellows was mounted on the 
flat rim of a wheel-type assembly in 
such a way as to simulate the deflected 
condition. In other words, on one side 
the convolutions were compressed 
while on the other they were extended. 
The space between the bellows and 
the rim of the wheel was evacuated 
and filled with water. Ultimate fail- 
ure at 1100 psi (5 times w.p.) took 
place circumferentially after a section 
of the convolutions had opened out. 
The tests were witnessed by Babcock 
& Wilcox Ltd and Lloyd’s Register of 
Shipping (Land Division). 

These tests with standard design and 
materials were considered very satis- 
factory but further tests are to be car- 
ried out with even higher grade 
material. 


welding can go on if it should be neces- 
sary to keep the boom stationary. Each 
roller bed can be operated as a separate 
unit, or any number can be ganged to- 
gether. Power supply for rotation and 
traverse of the roller beds is variable d.c. 
supply obtained from a.c. via a grid- 
controlled thyratron circuit. This arrange- 
ment facilitates ganging, which can be 
carried out simply by connecting a plug 
on one bed to a socket on the next. 

Another unusual feature of this shop is 
the transportation bogies which are used 
to move the shells around for stress re- 
lieving, pressure testing, etc. The weight 
of a vessel when filled with water is 
about 1,200 tons, and under this load 
the weight is not supported on the wheels 
of the bogie, but on special supporting 
pads, while a rubber mounting between 
the support cradle and the track wheel 
frame equalizes the load distribution. 

Work on the first few shells is now 
well under way. Sixteen in all will be 
needed, and the 300 MWe station is 
due operational in June 1962. 


Lying at the welding head the oper- 

ator can control both the boom and 

the 40-ton roller bed carrying the 
strake 

































































INDUSTRIAL 
NEWSDESK 


AEA gets new data system 


Panellit Ltd, a member of the Elliott- 
Automation Group, have built a new 
design of data processing and informa- 
tion system to the instructions of the 
AEA for application to one of their re- 
actors. Similar in conception to the 
Panellit 609 set-up it uses an Elliott 802 
computer and scans 600 points measured 
by thermocouples to detect variation in 
temperature level and rates of change of 
temperature. The installation has been 
designed to give a complete record of 
the 600 points scanned in two minutes 
for both level and rate of change and 
the facilities include a history of the last 
five scanning operations. The _ only 
moving parts in the entire system (ex- 
cluding the output printer) are the input 
relays which connect the selected thermo- 
couples, and Clare mercury-wetted types 
are employed; these relays have been 
tested to 3 x 10° operation without fail- 
ure, and have a minimum of noise. In- 
put signals for the thermocouples are 
fed to a high stability Offner differen- 
tially connected amplifier and from this 
point to an electronic analogue to digital 
converter before being passed into the 
computer. For reactor application some 
facilities have been duplicated in the 
interest of operational availability and a 
comprehensive self-checking system at 
the end of each scan automatically 
changes over to the alternative duplicate 
section to ensure continuous operation; 
at the same time a warning is given that 
part of the machine has not satisfied the 
built-in checking system. It is reported 
that the apparatus was originally ordered 
for Windscale. It will now go either to 
Calder Hall or Chapelcross. 


US Babcock’s latest research tool 


The new pool reactor at Babcock & 
Wilcox’s Lynchburg, Virginia, plant was 
officially dedicated recently and _ the 
occasion was taken to give visitors a 
tour of the nuclear laboratories. The 
reactor is in an open concrete pool and 
using 30-pc-enriched crimped plate-type 
elements it is designed for operation at 
10-200 kW. The most interesting test 
facility on the reactor is the ‘hot ex- 
ponential loop.’ This consists of a 3 ft 
dia. 9 ft long pressure vessel mounted 
into the pool wall very near the core. 
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A. sub-critical fuel assembly can _ be 
arranged inside the vessel which is then 
filled with hot pressurized water (up to 
720 psi, SOO°F). In this way closely 
simulated conditions can be 
achieved and measurements made of flux 
distribution, neutron age, absorption, 
water-gap peaking and temperature co- 
efficient. Flux scanning is done using 
the Teleflex wire activation system, 
based on a design by Knolls Atomic 
Power Laboratory. The activation wires 
are dysprosium-aluminium encased in 
hollow titanium flexible cables. After 
activation, the wires are scanned by a 
scintillation counter and the counts 
handled by an IBM data processer. 


reactor 


Kintel range to be made here 


The Solartron Group of 
Thames Surrey have now 
concluded selling and manufacturing licen- 
sing agreements for the Kintel range of 
electronic products of the Cohu Elec- 
tronics Inc, of San Diego, California, 
USA, which covers the whole world, 
with the exception of Sweden and North 
and South America. They include d.c. 
digital voltmeter systems, d.c. data am- 
plifiers, electronic galvonometers, digital 
readouts, electronic digital voltmeters, 
absolute d.c. power supplies, meter cali- 
brators, d.c, voltage standards, strain 
gauge power supplies, microvoltmeters 
and ammeters, a.c. converters, accelero- 
meters, and vibration and sound pressure 
measurement equipment. 


Electronic 
Ditton in 


CEGB encourage high load factors 
The Central Electricity Generating Board 
have announced their tariff for bulk sup- 
plies to be sold to the Area Boards in 
the year beginning April 1959. The new 
tariff will yield substantially the same 
revenue as if the present one were con- 
tinued. But its make-up shows significant 
changes, continuing the trend established 
over the last few years. 

The Bulk Supply Tariff for 1959/60 is 
made up of a maximum demand charge 
of £7 2s Od per kilowatt (compared with 
the present £6) and a running charge of 
0'41d per unit (compared with 0-46d). 
In addition, the coal cost adjustment of 
the running charge has been reduced to 
0'00055d (compared with 0-0006d) for 
each penny by which the fuel cost per 
ton in the year shall be above or below 
sixty shillings. 

The Tariff retains the modification to 
the fuel cost adjustment clause intro- 
duced in 1957/58 which enables import- 
ing Area Boards in relatively high fuel 
cost areas to benefit from imports of 
energy generated in relatively low fuel 
cost areas and transmitted in bulk over 
the Supergrid. 

Subject to any unforeseen economic 





1958 
































At the base of B & W’s new pool 

reactor a fuel assembly is tested in 

an autoclave under simulated power 
conditions 


changes, the Board hope to avoid major 
alterations to this new bulk Tariff for 
the next three years: it is their hope that 
it will encourage improvement in load 
factor. 


Aircraft men switch 


Aircraft and atomic energy work are 
going on side by side at the Vickers- 
Armstrong factory at South Marston, 
near Swindon. The factory, still complet- 
ing Scimitar jet fighters for the Navy, 
has now set up a nuclear section employ- 
ing about 100 physicists and engineers. 
Work in progress includes actual con- 
struction of two new experimental re- 
actors for Harwell with another still on 
the board. Many of the staff were pre- 
viously engaged on aircraft work and 
their conversion to nuclear is part of 
Vickers’ plan to concentrate aircraft 
at their main Weybridge plant and turn 
the Swindon factory into a _ nuclear 
centre. 


Graphite from Japan 


Preparations are being made in Japan 
for starting the production of reactor- 
grade graphite. The Tokio firm of 
Showa Denko K.K. has announced that 
preparations are under way to start 
commercial production of 2000 tons a 
year to meet the anticipated demands 
for Japanese power stations and exports. 
Basic research has been completed and 
tests on the finished product carried out 
by the French, UK and United States 
atomic energy agencies. 

Two grades of graphite are offered by 
the Japanese company—SMG moderator 
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HINKLEY BSD GEAR UNDER WAY Burst slug detection equipment for the 

Hinkley Point power station has already reached the prototype stage at Marconi’s 

St Albans factory. The output of the ratemeter in the top of the cabinet is 

compared with a preset reference level by a count analyser below it which sets 

off alarms if the value is exceeded. The scanning and synchronizing system is 
located in the bottom of the cabinet 





grade and SRG reflector grade. Mechan- 
ical properties are the same for both 
grades but the nuclear figures are as 
follows:- 

MODERATOR REFLECTOR 


Apparent 

density g/cm? 1-70 1-70 
Capture 

cross section mb 3-7 4:5 
Total 

ash content ppm 20 500 
Boron 

content ppm 0-1 0-5 


The graphite is manufactured either 
by extrusion or moulding and full 
machining facilities are available, Nor- 
mal sizes of blocks are 4 in. square or 
8 in. square but other sizes can be had 
on request, Showa Denko operate a 
graphite electrode plant manufacturing 
12,000 tons a year. Much of this is 
exported to Europe. 


AEI-JT move 


On October 27 the headquarters of the 
AEI-John Thompson Nuclear Energy Co 
Ltd was moved to the new AEI building 
at 33 Grosvenor Place, London, SWI 
(tel: Belgravia 7011). 


Data logger for Westinghouse 
A new data-logging system to be used at 
Westinghouse Electric’s atomic energy 
test reactor in Pittsburgh was recently 
delivered by the Datex Corporation of 
Monrovia, California. It records on type- 
written log forms and/or tape punch the 
magnitude of millivolt signals generated 
within seven reactor loop systems. These 
signals originate from a number of basic 
reactor variables under observation at 
critical points within these loops and in- 
clude temperature, pressure, differential 
temperature and reactor power. 

The firm reports that three new com- 
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ponents—an input selector, an input pro- 
grammer, and an alarm module—were 
developed for use in the new system. 
Flexibility is also reported to be a key 
feature. For example, the use of the 
newly designed components allows the 
order in which the input variables are 
selected to be completely flexible. Three 
different logging cycles are possible. 


New computers on show 

One of the most comprehensive displays 
of computers and peripheral equipment 
yet seen in this country has_ been 
arranged for the Electronic Computer 
Exhibition held at Olympia, London, 
from Nov 28 to Dec 4. Among the elec- 


tronic digital machines making their first 
public appearance are the Elliott 802, 
Metrovic 1010, Powers Samas Pluto and 
the Ferranti Perseus. The first two are 
small transistorized jobs and power con- 
sumption of each is only 2kvA, which 
should reduce worries about wasting 
computer time. Magnetic core storage is 
1020 words for the 802, and 2048 or 
4096 for the 1010. Both can be used on 
scientific work, or with auxiliary equip- 
ment on process control and data pro- 
cessing systems. Transistors and printed 
circuits are also employed to some extent 
in the Powers Samas Pluto, a new large 
scale machine. Inbuilt storage capacity is 
over 8000 words using a magnetic drum 
and nickel delay lines. Speeds are high— 
addition for example takes } millisec and 
multiplication 2 millisec. Ferranti’s, the 
first company to sell computers in the 
UK, offer their three machines: Pegasus, 
a general purpose computer, Mercury, 
tailor made for the nuclear industry, and 
the latest, Perseus, a big data processing 
system that markets at something like 
£300,000. Two items of peripheral equip- 
ment which should help the push to- 
wards higher speeds are a 3000 words a 
minute tapepunch by Creed & Co and a 
Rank-Xerox output printer which uses 
the xerography technique to print out at 
the rate of 3000 lines of 128 characters a 
minute. 


BWRA develops pimple welding 

Recently demonstrated at the open day 
of the British Welding Research Asso- 
ciation, Abington, near Cambridge, a 
discovery in resistance welding, provi- 
sionally patented, is now being devel- 
oped there. The discovery evolved 








THE BACHELORS LIVE HERE To house unmarried scientists employed at the 

Dounreay Works the AEA has built this three-storey timber extension to the 

existing stone building. It was prefabricated by Simms Son & Cooke Ltd and 
Pyrolith treated to minimize fire risk 
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directly from work done at Abington 
for the UKAEA. 

In spot welding, molten metal is ex- 
pelled if the welding current is too high 
or if the electrode force is too low. This 
molten metal can be directed into a 
cavity in the welding face of an other- 
wise normal spot welding electrode, Since 
it freezes there to form a stud, strongly 
welded to the parent sheet, the technique 
is known as resistance casting, or some- 
times as stud raising, or pimple welding. 

Studs of highly varied shapes and sizes 
have been formed by this process in a 
wide range of metals, including steel, 
stainless steel, light alloys, titanium, and 
nickel alloys. A peg of similar or different 
material, inserted in the electrode cavity, 
can be cast into the stud; strong metallic 


New head for NPPC Research 


On leaving Harwell (Worldview 

Nov) Dr H. M. Finniston is to take 

over the job of research manager at 

C. A. Parsons new nuclear research 

centre at Newcastle which handles 

all reactor research for the Nuclear 
Power Plant Co 


bonding between the peg and stud can 
occur with compatible metals, though 
the purely mechanical joint formed with 
non-metallic pegs may also be strong. 


TV for Merlin 


Associated Electrical Industries Ltd has 
placed an order with EMI Electronics 
Ltd for a specially-designed underwater 
industrial TV camera for observation in- 
side the MERLIN research reactor at 
Aldermaston. The camera is 30 in. long 
and 34 in. in diameter and will be en- 
closed in a pure aluminium water-tight 
housing. 

It will work in conjunction with a stan- 
dard EMI camera which is_ being 
mounted on top of MERLIN to provide a 
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FIRST MOTOR CONTROLS FOR BRADWELL The initial batch of the £250,000 
worth of motor control gear being built for the Bradwell nuclear power station 
by Brookhirst Switchgear Ltd leaves the company’s Chester factory. Supplied 
under sub-contract to A. Reyrolle & Co Ltd, the equipment will incorporate 550 


contactor-type starters for the centralized control 


of turbine auxiliaries and 


reactor essential auxiliaries, fuel handling plant, control rods and safety rods 





continuous view all around the reactor 
and to ensure that no unauthorized staff 
are near the reactor when it is in use. 
Two ITM 14 viewing monitors will be 
rack-mounted in the reactor control 
room and a console monitor, capable of 
receiving pictures from both cameras, is 
being installed in the reactor conference 
room. 


US instrument exports 

Shipments of nuclear radiation detection 
and measuring instruments from the US 
during July amounted to $187,626, 
according to Bureau of the Census 
figures just released. Breakdown as 
follows:— 


Shipments valued $500 and over: 


Canada 21,464 
Mexico 7,089 
Colombia 7,266 
Brazil 4,992 
Sweden 8,600 
United Kingdom §,838 
Belgium 5,108 
France 16,985 
West Germany 10,698 
Austria 2,842 
Switzerland 14,652 
Finland 4,331 
Portugal 10,000 
Italy 8,891 
Turkey 10,251 
India 8,644 
Japan 16,825 
Algeria 800 
Total $165,276 
Estimated shipments $100 to $499 

Canada 5.870 
7 Other 16,480 
Total $22,350 


US Teleflex go nuclear 

Creation of a separate nuclear division 
to handle rapidly increasing applications 
of its mechanical remote control systems 


is reported by Teleflex Inc. Named as 
manager of the new division is Eugene 
J. Mersa, Teleflex field engineer and 
nuclear control specialist. Some idea of 
Teleflex’s interests is given in New Pro- 
duct Survey this month (p 602). 


In brief 

@ Pace for GEC The European Division 
of Electronic Associates Inc announces 
the sale of its twentieth General Purpose 
PACE analogue computer since July 57- 
this time to the Atomic Energy Division 
of the General Electric Company, Erith. 
@ Kelvin & Hughes Ltd have opened 
new air-conditioned premises at their 
Barkingside works for the assembly of 
precision gyro and optical instruments. 
@ N. Hingley & Sons Ltd On November 
S chairman Cyril E. Lord started com- 
pany’s new ring rolling mill at Nether- 
ton, Worcs. It will produce light section 
rings up to 72 in dia. in ferrous and 
non-ferrous metais. 

@® Midland Silicones Ltd have an- 
nounced a 10 pe reduction in the price 
of Silastic LS-53, a fluorinated silicone 
rubber for temperatures 60 to 
+ 200°C. 

@ Valves Mr J. W. Plowman (Dewrance 
& Co Ltd) has been re-elected chairman 
of the British Valve 
Association. 

® Solartron Electronic Group are setting 
up new subsidiary in Sweden headed by 
Kurt P. Kallgren. Similar companies are 
operating in Germany and Italy. 

@ British Thomson-Houston Export Co 
Ltd have moved to 33 Grosvenor St, 
London SWI (Tel: Belgravia 7011). 


Manufacturers 
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Transistor primer 


The Junction Transistor and its Applica- 
tions edited by E. Wolfendale 1958: 
Heywood & Co 402 pp £4 4s 

A collection of articles concerning only 
a few aspects of applications of junction 
transistors, this book seems largely based 
upon Mullard reports which have 
appeared previously. The work of nine 
contributors is included, and naturally 
the style and manner of presentation 
varies considerably, Also, since the sec- 
tions are to some extent self-contained 
there is some overlap of subject-matter: 
for example the subject of transistor 
equivalent circuits is treated, with minor 
variations, on four separate occasions. 
There is divergence of opinion between 
the authors at times: thus the author of 
the first section (transistor physics) states 
that the reverse leakage current of a 
germanium p-n junction will double for 
an 8°C rise in temperature, whereas the 
author of the next section maintains that 
9°C is the correct figure. If the matter 
is put to test by an independent calcula- 
tion using the data and appropriate equa- 
tions given in the book a figure of 7°C 
results. 

However, despite such detail errors, 
the book contains much valuable mater- 
ial. In particular the first two sections 
(transistor physics and characteristics) 
give a clear picture of the characteristics 
of junction transistors and also bring 
out the underlying dependence of these 
characteristics upon the physics of semi- 
conductors: an approach whose value 
has only recently been fully realized. 
Other chapters deal with equivalent cir- 
cuits, biasing, A.F., H.F., and Class C 
amplification, oscillators, modulation and 
demodulation. These concern the bread- 
and-butter of the transistor world, 
namely, the sinusoidal market. These 
sections are, in the main, adequate, but 
are rendered rather tedious to read by 
the tendency of some of the writers to 
include each stage of the ‘ working out’ 
of their algebra (surely unnecessary in 
a book of this standard), and also a 
plethora of numerical examples, again 
with each step in the calculations re- 
corded in detail. 

The chapter on non-linear circuits 
deals at length with some standard bi- 
stable and monostable circuits, binary 
counters and blocking oscillators, but 
digital computer techniques are not men- 
tioned. Unaccountably the chapter fails 
to give any guide to what determines the 
response of a basic transistor circuit to 





pulse inputs, surely a matter of overrid- 
ing importance with non-linear circuits. 
However in this case references are 
quoted for readers who wish to pursue 
the matter. The remaining chapters deal 
with d.c. convertors and transistor mea- 
surements. 

As the transistor encyclopaedia, which 
its rather ambitious name suggests, the 
book falls short of the mark, However, 
if the title is disregarded, one finds, a 
good, although expensive, primer which 
should enable a newcomer to transistors 
to acquire a tolerable grasp of the more 
conventional applications. 

; A. R. Owens 
This review originally appeared in CONTROL 


Nuclear lexicon 

Atomic Terminology Lore Lettenmeyer 
Munich 1958: Isar Verlag 298 pp Dm 24.80 
English certainly seems to have become 
the master language of nuclear energy, 
if not of science as a whole. It was 
announced at Geneva that the only com- 
plete version of the Conference pro- 
ceedings is to be published in English. 
Now we have this quadrilingual diction- 
ary of atomic terminology in which the 
reference language is English with 
parallel translations into German, 
French, and Italian. Compiled by Lore 
Lettenmeyer, who works in the transla- 
tion department of the European Iron 
and Steel Community, it sets out to pro- 
vide ‘a selection of the essential scienti- 
fic terms used in atomic and nuclear 
physics, reactor engineering, radiation 
physics and associated fields.” English 
terms are listed in alphabetical order 
and numbered consecutively. There are 
alphabetical indexes in the other three 
languages giving the numbers these terms 
have in the main section. 

In a spot check of several common 
and less common words the dictionary 
stood up pretty well and it should be 
a useful little book in the often onerous 
task of keeping up with the foreign 
nuclear literature. 


Concise relativity 


Special relativity for physicists G. Stephen- 
son and C. W. Kilmister London, 1958 : 
Longmans, Green & Co 108 pp Price 18s 
With the many developments in modern 
physics requiring some knowledge of 
special relativity, there appears to be a 
need for a book which presents the 
theory in a detailed yet concise > way 
without making heavy demands on its 
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readers’ mathematical ability. In this 
book no knowledge of tensor calculus is 
assumed and the theory is developed en- 
tirely in terms of three-dimensional vec- 
tor analysis. It should be suitable for 
students reading for an honours degree 
in physics or mathematics and also for 
experimental physicists working in such 
fields as high energy particle accelerators, 
meson theory, and_ particle decay 
schemes. 


Blowers made easy 


Compressors and vacuum pumps and their 
lubrication The Shell Petroleum Co Ltd, 
London, 1958 
Much more than its title would suggest, 
this book forms an excellent introduc- 
tion to the theory and practice of com- 
pressors and vacuum pumps and is 
lavishly illustrated with line diagrams of 
typical machines. The section on com- 
pressors forms by far the largest portion 
and includes reciprocating, rotary posi- 
tive-displacement and aerodynamic types. 
All these are described with particular 
reference to their lubrication. 
By contrast the section on 
pumps is very much shorter but it in- 
cludes a useful section on Apiezon pro- 
ducts. Copies are available in the UK 
from Shell-Mex and BP Ltd, Shell-Mex 
Strand, London, WC2, and in 


vacuum 


House, 


other countries from the local Shell 


company. 


Metallurgy in Europe 


Symposium on special metallurgy Institut 
National des Sciences et Techniques 
Nucléaires Paris, 1958: Presses Universi- 
taires de France 

Held at Saclay in June 1957, this two- 
day symposium was attended by nuclear 
and aeronautical metallurgists from 
several European’ countries. Papers 
covered a wide range of topics, includ- 
ing uranium growth under _ thermal 
cycling, transformations in 
uranium and iron, effect of irradiation 
on zirconium, and work on titanium, 
cobalt and aluminium. 


allotropic 


Scaling up 


The scaling-up of chemical plant and pro- 
cesses London, 1958: Institution of Chemi- 
cal Engineers 136 pp Price £3 

This is the proceedings of a symposium 
held jointly in May 1957 by the Insti- 
tution of Chemical Engineers, The Soci- 
ety of Chemical Industry, Het Konink- 
lijk Institut Van Ingenieurs and De 
Koninklijke | Nederlandse Chemische 
Vereniging. In addition to papers of gen- 
cral interest on scaling up there were 
several of special importance to the 
nuclear industry e.g. Scaling-up of reac- 


NUCLEAR REACTOR 


an elementary course 


tors from a knowledge of kinetics by 
K. G. Denbigh, Problems encountered in 
stirred slurry reactors by J. V. van der 
Vusse, and Scaling-up solvent extraction 
processes for irradiated nuclear fuels by 
B. F. Warner. To members of sponsor- 
ing bodies copies are available at £2. 


More for the layman 


Atomic Energy Egon Larsen. London, 1958: 
Hennel Lock (Harrap) 196 pp Price 12s 6d 
Trudging along a well-trod path Mr Lar- 
sen uses the reliable racy narrative style 
in describing for the layman how atomic 
energy was discovered and how it is 
being used. And he does it extremely 
well. The book is well illustrated and, 
in time, stops just short of the second 
Geneva Conference. 


Books Received 


Nuciear Reactors for Power Generation Ed. E. 
Openshaw Taylor 144 pp London 1958 : Newnes 
Price 21s 


Disposal of Radioactive Waste K. Saddington 
and W. L. Templeton 102 pp London 1958: 
Newnes Price 17s 6d 


Radiation Counters and Detectors C. C. H. 
Washtell 114 pp London 1958: Newnes 
Price 21s. 


Radiations and Matter A. Berthelot (trans. F. R. 
Paulsen) 180 pp London 1958: Hill Price 25s 
The Muclear Handbook Con. Ed. O. R. Frisch 
London 1958: Newnes Price 50s 
Symposium on Information Theory 
Ed. H. P. Yockey 418 pp 
Price 80s. 


in Biology 
London 1958: 
Pergamon 


PHYSICS 


by JAMES F. HILL B.Sc. principal, Reactor School A.E.R.E. Harwell 


In response to widespread demands, we 
have reprinted the course in basic reactor 
physics which was specially 
NUCLEAR POWER and published in serial 

| 
form during 1966 and 19¢7. The monograph 
g 195 §7 gra} 
has been revised by the author and forms an 


excellent introduction. (64 pp. in stiff boards. ) 


Price: UK, 30s +18 3d 


or equivalent 
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They said... 


points from papers, speeches, conferences 





The IAEA comes first 


If any friction or duplication of effort 
occurs between the International Atomic 
Energy Agency and any other atomic 
energy organizations the United King- 
dom will support the IAEA. ‘ We regard 
this agency as the predominant organiz- 
ation dealing with the peaceful uses of 
atomic energy and that will be the basis 
of our policy,’ said Sir Edwin Plowden, 
chairman of the UKAEA, 
addressed the recent conference of the 
IAEA in Vienna. The UK wishes to see 
the Agency firmly established, taking its 
rightful place within the United 
Nations family, he went on. Satisfactory 
relationships with other international 
organizations will have to be worked 
out. Agreements with specialized agen- 
cies are welcomed but ‘of 
they are in general terms and will need 
to be supplemented by continuing con- 
sultation to prevent friction and dupli- 
cation of effort. Much can be done by 
friendly collaboration between the re- 
spective secretariats, but it cannot be 
left to the secretariats alone. The key 
to the matter is the policies of member 
states, and proper co-ordination inside 
the individual national administrations. 

Supporting the IAEA against criti- 
cisms that it has moved slowly and 
achieved little, Sir Edwin said that no 
organization of such a_ scale could 
become fully operational within twelve 
months. Many of the technical staff did 
not take up post until March and at 
first there was bound to be a great deal 
of administrative work to do. There are 
now plenty of problems to be tackled 
by the Agency. An immediately useful 
step would be to get agreement on in- 
surance to cover third party liability in 
the event of reactor accidents. Another 
would be regulations for the transport 
of radioactive materials by land, sea and 
air, and regulations for operation of 
nuclear propelled ships. There are the 
problems of disposal of 


when he 


necessity ” 


radioactive 
waste, and the safe handling of radio- 
isotopes; here the 
formulated 
[he problems cannot be tackled all at 
once, and, 
their 

stressed 


active Agency has 


already some useful rules 
“we must reach agreement on 
proper order of priority,’ he 
Another and equally important field 
of the Agency’s work is assistance to the 
year the 
UK welcomed the proposed fellowship 


less-developed countries. Last 
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plan, and places have been found in 
British institutions for fellows nomin- 
ated under the scheme. For some years 
now nearly half the students in the 
UKAEA’s own schools have come from 
overseas countries. It is important that 
the training schemes should be linked 
with those aspects of nuclear energy and 
nuclear technology which can be ap- 
plied in the immediate future. Radio- 
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SIR EDWIN PLOWDEN 
They're doing all right 


isotopes, for instance, can at once 
benefit almost every country whether 
developed or less developed. Research 
to develop new uses for isotopes can 
be undertaken partly by the Agency 
itself, and partly by the Agency in con- 
junction with national organizations. 


No need for reactor plans yet 
This sort of assistance, Sir 
thought, should take precedence over 
any scheme for supplying actual power 
reactors. No proposals for these are in- 
cluded in the Agency’s programme at 
the moment and the decision has been 
criticized, but ‘the fact is that nowhere 
in the world has a small reactor yet 
been designed to supply amounts of 
power appropriate to the needs of these 
less developed countries at an economic 
price. Small reactors that are economic 
will certainly be developed in time, but 
the scientific and engineering problems 
are formidable. Until 


Edwin 


solutions are in 
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sight, the most useful help the Agency 
can give is to concentrate on what is 
practicable in the immediate future, In 
the meantime we need studies on the 
lines of Dr Bhabha’s survey of Indian 
power requirements so that we can 
decide where nuclear power can be used 
most profitably. These must be made by 
the countries themselves or by _ the 
Agency on their behalf.’ 


Spurious trips are costly 


‘Nuclear instrumentation must be more 
reliable’ was the—not unexpected— 
theme of B. H. Stonehouse’s remarks on 
November 8 to a discussion panel of this 
year's SIMA Convention. A bull point 
of the Convention—held for three days 
at Harrogate under the new Presidency 
of Mr. R. Barrington Brock—was the 
presence of people from user industries, 
and throughout its sixteen sessions on 
facets of instrumenting major industries. 
speakers reiterated the need for user and 
instrument maker to collaborate. 

Stonehouse, Senior Electrical Engi- 
neer of GEC’s Atomic Energy Division, 
opened the discussion at the session 
given to nuclear plant instrumentation. 
He stressed the need for reliability in all 
instruments affecting reactor safety, A 
typical reactor had thirteen devices cap- 
able of tripping it; seven of these in- 
volved ‘ physical’ measurements. Spuri- 
ous trips cost about £10,000 each, and 
although triplicated instrumentation re- 
duced the risk of these, greater instru- 
ment reliability was still wanted—especi- 
ally for * physical’ measurements. He 
noted three development needs in instru- 
mentation: less restrictive flow meters 
(for gas); CO. moisture meters measuring 
down to 100 parts in 10° with a response 
time of about 5 sec; and better data- 
reduction equipment. Instruments in con- 
tact with reactor coolant must be of 
materials compatible with coolant and 
canning material, and assembly must be 
in clean conditions. He ended by briefly 
discussing control rooms and differing 
ideas among the UKAEA, CEGB and 
nuclear station manufacturers on use of 
data-logging equipment. 

Some points made in the general. dis- 
cussion—carried on by six ‘users’ and 
some thirty ‘makers "—were that main- 
tenance records of instruments should be 
available to their manufacturers; acceler- 
ated life tests are valuable in increasing 
reliability except for normally static in- 
struments; soak tests of 50-100 hours on 
electronic instruments are useful; and 
instrument specifications admitting vari- 
ations in voltage and frequency of sup- 
ply of 10-20 pc militate against reli- 
ability. In one of several contributions, 
E. W. R. Little, of Distillers, pleaded 
strongly for instrument evaluation by 
a central authority. R. G. Davis, Ekco 
Electronics’ Assistant Technical Manager, 
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Put MINISPACE on your staff. 
A Solartron analogue computer can be 


your most profitable employee! 


You, in common with every industry today, are 
facing more and more complex dynamic analysis 
problems — from simple differential equations 
to the simulation of industrial processes. 


How much are these problems costing this year 
— in development and engineering time, not 
forgetting overheads, and the fabrication of 
‘trial and error” models ? And how 
much has production been delayed ? 


expensive 


The analogue computer is the supreme engineer- 
ing design tool for dynamic problems— proved 
over many years by the aircraft industry. Its 
cost is rapidly repaid by savings in development 
and engineering time —it is much cheaper to 
simulate your mistakes than to make them. 


Contrary to general belief, a practical machine 
need not be expensive or difficult to use—the 
Solartron “‘ MINISPACE”’ costs £1,600, and does 
not require an electronic or specially qualified 
engineer to operate it. 


MINISPACE is just one example of the SPACE* 

‘ building-brick’ principle of construction, 
which allows a computer of any size to be con- 
structed. Another application for more complex 
problems is SPACE ‘48’, with up to 48 opera- 
tional amplifiers. There is infinite scope for 
expansion or tailoring to your specific 


requirements. 


Solartron advisory engineers will be happy to discuss 


your problems. Write or phone now for literature. 


* Space: Solartron Precision Analogue Computing Equipment. 
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stressed the danger of inexperienced me- 
chanics interfering with such electronic 
equipment as transistorized amplifiers. 
Stonehouse rounded off the discussion 
with a few words on future trends: one 
would soon need to measure higher 
temperatures in gas-cooled reactors—but 
these were unlikely to be outside the 
range of thermocouples used at present. 


US reactor advances 

A completely new method of reactivity 
control for water-cooled reactors and an 
important development in coolants for 
gas-cooled reactors were described re- 
cently by J. E. O'Connell, G. K. Rhode 
and D. C. Schluderberg of the Babcock 
& Wilcox Atomic Energy Division at 
Lynchburg, Virginia, during the official 
opening of the company’s new pool 
reactor (see Newsdesk this month). 


Spectral shift control 
For 21 months, the B & W Atomic 
Energy division has been working on an 


advanced control method for water- 
moderated and cooled reactors, This 
method, which utilizes a mixture of 
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The gas-suspension reactor shows 
dramatic size and cost reductions 


heavy and light water for the pressurized 
coolant-moderator, represents a logical 
extension of activity in connexion with 
the Consolidated Edison Thorium Con- 
verter Reactor and the Nuclear Mer- 
chant Ship (NS Savannah) reactor. 

To achieve a core with a long life- 
time it must be loaded with a quan- 
tity of fuel in excess of that basically 
needed to form a critical mass. This ex- 
cess reactivity must be carefully con- 
trolled, and made available gradually to 
replace the material burned up. 

In this new method, instead of using 
neutron-absorbing control rods to hold 
down the excess reactivity, the propor- 
tions of heavy and light water in the 
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coolant-moderator are varied. The ini- 
tial high concentration of heavy water 
(about 80 pc) requires more fissionable 
material for criticality than does the 
lower concentration (about 30 pc) used 
near the end of the core life. Conse- 
quently, a large amount of fissionable 
material can be safely loaded into the 
core at the outset. Then, as burnup pro- 
ceeds, new fuel is made available effect- 
ively, by diluting the heavy water, since 
lower concentrations of heavy water re- 
quire less fissionable material for criti- 
cality. In this manner, the energy spec- 
trum of the neutrons is shifted, thereby 
controlling more reactivity over the life- 
time of the reactor core. From this prin- 
ciple, the Spectral Shift Controlled Reac- 
tor gets its name. 


Cost reduction The system offers the 
possibility of markedly reducing nuclear 
tuel costs by extending the reactivity life 
of a core to as much as 40,000 mega 
watt days per ton of fertile material, 
more than twice that expected from a 
conventional pressurized water reactor. 
Since this method of control also in- 
creases the average conversion ratio by 
about 0-2, fuel consumption costs in 
addition may be reduced by as much as 
1 mill/k Wh. 

The reactor design also permits flexi- 
bility in choosing fuel cycles and fuel 
loading. For example, either thorium or 
U-238 can be used as fertile materials 
in either stainless steel or zirconium 
cladding. Additionally, since few if any 
control rods will be required, loading 
the fuel in non-uniform patterns will re- 
sult in a more even power distribution 
and a higher average output can be ex- 
tracted from a given core size. It is 
estimated that up to 75 pc more heat can 
be extracted through the use of non- 
uniform zone loading techniques with 
the new control method. 

The major unsolved problems which 
make a preliminary development pro- 
gramme necessary are related to nuclear 
behaviour, operational control, radiation 
stability of the fuel element, and recon- 
centration of the coolant mixture. 


Gas-suspension reactor 

Recent research at B & W has shown 
that the heat transfer and heat transport 
properties of gases are greatly improved 
by suspending fine particles in the gases. 
The result is a low-pressure, low-cost 
reactor coolant which avoids many of 
the major design problems encountered 
with liquid coolants. 

Preliminary studies indicate that this 
coolant will make possible the develop- 
ment of nuclear power plants which 
combine a high-temperature steam cycle 


with other factors important to the 
achievement of competitive nuclear 
power. 


A gas-suspension reactor coolant will 
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consist of fine particles (less than 5 
microns) of graphite or other solids sus- 
pended in carbon dioxide, nitrogen, 
helium, or argon. The density of these 
mixtures will vary between 5 and 15 
Ib/cu. ft at an operating pressure of 100 
psig or less. The coolant will be circu- 
lated in a closed primary system in an 
arrangement similar to primary systems 
for pressurized water, gas, or liquid- 
metal coolants. 

B & W’s work has been largely with 
graphite-CO. mixtures with densities up 
to 8 lb/cu. ft, circulated in a closed loop 
at 35 psig, 300 F, and 40 ft/sec. Loop 
operation has been very satisfactory 
with no evidence of erosion or signifi- 
cant particle adherence to surfaces, Heat 
transfer rate increased by a factor of 
eight over that for CO, at the same pres- 
sure, temperature, and velocity. In addi- 
tion, the heat transported around the 
loop increased by a factor of 21. 


Size reduction Effect of improved coolant 
characteristics is dramatically illustrated 
in the diagram. The remarkable size re- 
duction anticipated for the gas-suspen- 
sion unit will be due mainly to improved 
heat transfer and heat transport which 
will allow a marked reduction of total 
cooling surface. The improved heat capa- 
city of the coolant will permit an in- 
crease in the reactor inlet temperature 
to 487°F (as compared to the 275°F 
inlet for Calder Hall) and eliminate the 
need for economizers and the two-pres- 
sure boiler system. Moreover, the possi- 
tility of extracting a higher tempera- 
ture steam will result in a higher feed- 
water temperature and a significant im- 
provement in steam cycle efficiency. 

The expected reduction in size and 
cost of primary piping is equally im- 
pressive. The diagram also shows a com- 
parison of sizes and costs of primary 
system pipes to transport 125 MW of 
heat. Coolant temperature rising through 
the reactors was assumed to be 600°F 
in an advanced gas-cooled reactor, 30°F 
in a pressurized water reactor, and 
600°F in a gas-suspension system. Pipe 
diameters were chosen to give approxi- 
mately the same pressure drop per foot 
of length. It will be noted that the cost 
of pressurized water and gas-coolant are 
6 and 12 times greater, respectively, than 
the equivalent gas-suspension pipe, and 
are considerably larger in diameter. 

Fuel, operating, and maintenance costs 
give every promise of being low since 
the coolant characteristics are favour- 
able. Low pressure, good materials com- 
patibility, and low _neutron-capture 
cross-section combine to insure excel- 
lent neutron economy and trouble-free 
operation. It is estimated that a two- 
year programme will be required to 
complete the development of gas-suspen- 
sion reactor coolants. 
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TRIUMPHS OF SHELL RESEARCH...3 


entry-go at Bradwell... 
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sme crucial points of the high pressure CO, coolant 
uit at Bradwell will be the blower shaft seals. 
ery minute of every working day Shell APL blower 
will guard these escape points—being continually 
mped into the seals and bearings, led away, purified 
d recirculated. 

his very remarkable oil presents a two-way seal. 
wards, there is a minimum CO. loss as the oil has 
lowest possible gas solubility. Inwards, in spite 
the heat of the gas, oil vapour contamination is 
#eligible thanks to the extremely low vapour pressure 
the oil. 

The research that went into APL blower oil is 
aracteristic of the way Shell set about doing things. 
was conducted at Shell’s Research Centre at 
hornton in close collaboration with the U.K. A.E.A. 





The Research Story 


Though the sealing action demanded of Shell blower 
oil is common in other industrial equipment such as 
hydrogen-cooled alternators, there were quite a few 
additional problems. It was necessary for the oil to 
have long life, low vapour pressure, low gas solu- 
bility. good thermal stability and h.gh film strength 
—to be able to withstand high temperatures and 
to be resistant to all kinds of corrosive influences, 
including carbonic acid. The crux of the research 
was to combine all the above requirements into 
one oil, in order to minimise back diffusion of 
molecules which would contaminate the reactor. 
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ATOMIC POWER LUBRICANTS 


another proof of Shell leadership in lubrication 





and the blower manufacturers. In the course of much 
fundamental research, a wide range of oils was 
subjected to vapour pressure and gas solubility tests in 
the laboratory. Selected oils from this range were used 
in the bearings and seals of a blower rig. In 1956, after 
four years of research, the finished product joined the 
Shell Atomic Power Lubricants range—-marketed 
under the name of Shell APL 729. This oil has been 
in use at Calder Hall since the autumn of 1956. 


The moral of the story is that Shell research is 
supremely applicational. The Centre at Thornton 


is always ready to work with even the most specialised 
sectors of industry to produce the right oil for the job. 
If you and your organisation have any major lubrica- 
tion problem it pays to get in touch with your local 
distributor of Shell Industrial Lubricants. 





BRADWELL NUCLEAR POWER STATION. AN ARTIST’S IMPRESSION 
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NAMES 


IN THE 


NEWS 


President-elect of the British Institution 
of Radio Engineers for 1958-9 is Pro- 
fessor E, E. Zepler who occupies the 
chair of Electronics at the University 
of Southampton. 


Mr C. R. Tottle, deputy director (reac- 
tors) at Dounreay has been elected a 
fellow of the Institute of Physics. 


British Physical Laboratories have 
appointed Mr D. J. Davis as their sales 
manager. He succeeds Mr D. G. Ashton 
Davies who will be joining EMI Elec- 
tronics Ltd. 


The Accurate Recording Instrument Co 


announce the appointment of Mr H. S. 
Parslow as sales organizer and manager. 


Mr D. E. Burton has joined Rocol Ltd, 
lubricant manufacturers, to be in charge 
of their London technical sales depart- 
ment. 


Mr G. C. R. Eley has joined the board 
of The British Oxygen Co Ltd. 


Babcock & Wilcox Ltd have appointed 
Mr J. H. Prole as assistant manager of 
their mechanical handling division. 


Professor S. Pippard has assumed office 
as 94th president of The Institution of 
Civil Engineers. 


The CEGB recently made the following 
appointments. Mr R. Farrall becomes 
services engineer and Mr T. A, G. Mad- 
den will succeed him as production, in- 
spection and test engineer. 


Sir Donald Bailey (well known as the 
designer of the Bailey Bridge) has been 
co-opted to the Council of the British 
Welding Research Association. 

Mr R, F. Webb, a former Cambridge 
lecturer, has joined the firm of Ciba 
(ARL) Ltd where he will direct research 
work on new plastics. 


The UKAEA have appointed Mr J, A. 
Gay to be their patents exploitation 
officer in succession to Mr T. Benson 
Gyles. Mr Gay was previously in the 
Industrial Group’s commercial depart- 
ment at Risley. 

Mr A. H. Hird has relinquished his 
directorship of Vickers - Armstrongs 
(Engineers) Ltd. 

Mr J. N. Toothill, general manager of 
Ferranti’s Edinburgh factory has been 
made a director of Ferranti Ltd. 

As from January | Mr J. N. B. Alex- 
ander and Mr S. W. Kaye will be joint 
managing directors, sales, of Stewarts 
& Lloyds. 

Mi G. M. Baker a director of C. A. 
Parsons and Co has been made general 
manager. 

Mr F. N. Sutherland and Mr Paul de 
Laszlo have been elected to the boards 
of Marconi’s Wireless Telegraph Co Ltd 
and Marconi Instruments Ltd. Mr Suther- 
land becomes managing director of Mar- 
coni’s Wireless Telegraph Co Ltd. 

The note on Mr Gresley of Gresham 
Transformers last month we are now 
informed is misleading. Mr Gresley is 
head of the power and distributor trans- 
former division of the company, a divi- 
sion which has been in existence since 
1938. 


OBITUARY 


We record with regret the following 
deaths. 

Mr E. W. Steele, a former director and 
general manager of works of Metropo- 
litan-Vickers Electrical Co Ltd died on 
October 7. 

On September 9 the death occurred of 
Mr C, C. Mason at one time a joint 
managing director of Cambridge Instru- 
ment Co Ltd. 

My E. M. Johnson, before his retire- 
ment chief engineer of Metropolitan- 
Vickers Electric Co’s plant department 
(large electrical machines). 

Mr B. E. G. Forsling who was manager 
of the BTH gas turbine engineering 
dept at Rugby died on October 23. 





G. C. R. ELEY 





J. A. GAY 





J. N. TOOTHILL 





E E. ZEPLER 
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ar 


Specification for an electric sequence re- 
corder has been issued by Jones, Tate & 
Co Ltd. Distributor is available for con- 
trolling 12, 18 or 24 units. 


Tick No 218 on reply card 
M.S.4, a silicone compound for insulat- 


ing and waterproofing, made by Mid- 
land Silicones Ltd is described in a leaflet 
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from the distributors: Holiday & Hem- 
merdinger Ltd. 
Tick No 219 on reply card 


Monograph No 36 from Hopkin & 
Williams Ltd is by E. J. Newman on 
p-Bromomandelic acid, a reagent for 
Zirconium. 

Tick No 220 on reply card 


Ventilation handbook from Colt Ventila- 
tion is well illustrated with photographs 
and has several pages of elevations show- 
ing where various types of ventilation 
are suitable. 

Tick No 221 on reply card 


Technical data sheet giving physical and 
chemical properties and applications on 
nuclear and commercial-grade zirconium 
hydride can be had from Metal Hydrides 
Inc. of Massachusetts. 


Tick No 222 on reply card 


Measuring and controlling nuclear energy 
is the title of a new and attractively illus- 
trated book recently brought out by 
George Kent Ltd, which shows the many 
and varied uses of their instruments in 
atomic energy work. 


Tick No 223 on reply card 
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0} 
with all the experience of the a 
Helipot Division of 


Beckman Instruments Inc., ACTUAL S72 Z E 


behind them, Beckman Instruments 
Limited are manufacturing a range 








of Helipots and Counting dials 
at their new factory in Scotland. 
For full details contact 





ELECTRONICS LIMITED 





GOVETT AVENUE * SHEPPERTON - MIDDLESEX ~- Walton-on-Thames 6321 
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NEW IDEAS 


nucleonic patents 


Disposal by irradiation 


Io overcome the problem of disposal 
of radioactive fission products, this 
patent suggests exposing them to radia- 
tion to convert them into stable or short- 
lived isotopes. This may be done either 
in an accelerator or in a reactor e.g. in 
the fuel rods or moderator of a hetero- 
geneous reactor or in pipes or the con- 
trol rods in a homogeneous one. Where 
possible an energy-yielding reaction is 
chosen, Separation of the resulting iso- 
topes may be done by physical, chemi- 
cal, or physicochemical methods if they 
are in the same phase as the residue, or 
by filtration, decantation etc if in a dif- 
ferent phase. 

Typical reactions suggested are: 

“Sr + n > “Sr 


(65 d) (stable) 
“Bi +n—> “Ru + “Ru 
(50 y) (40d) (44h) 

e 
“Tl + ‘He > “Tl —> “Pb 
(2:7 y) (3-1 m) (stable) 


802,971 Process for the destruction of 
radioactive residues Louis Verchraeghen 
Appn: Jan 27, 1956 Pubd: Oct 15, 1958 


Nb.F, as coolant 

Union Carbide suggest using niobium 
pentafluoride as a reactor coolant. Its 
great advantage is that, while solid at 
room temperature, its melting point is 
80°C and it boils at 234-9°C. Its latent 
heat of vaporization is 12-9 kilocalories 
and since it changes state at the tem- 
perature of the reactor, a small volume 
of it will absorb a large quantity of 
heat. No pumping is required because 
the vapour rises upwards into the heat 
exchanger, is condensed and flows back 
into the bath. 

802,938 Improvements in the cooling of 


nuclear reactors Union Carbide Corp 
Appn: July 1, 1955 Pubd: Oct 15, 1958 


Fluid control 


This is a control system with no moving 
parts, performing the functions of shut- 
down and power control, and a means 
of adjusting flux distribution. It com- 
prises tubes in the core filled with a 
neutron absorbing fluid, formed of a 
variable mixture of two components. 
Fluid is supplied to the reactor tubes 
from a main reservoir by a pump to 
a constant head mixing tank. After add- 
ing either constituent as required, the 
fluid is circulated through the re-entrant 


These abstracts ore made from British Patent Specificotions with the permiss 





core tubes. A suitable fluid is an aqueous 
solution of a cadmium salt. 


803,701 Improvements in and relating to 
nuclear reactors C. A. Parsons & Co Ltd 
(Inventors: A. T. Bowden and E. Smart) 
Appn: Aug 11, 1955 Pubd: Oct 29, 
1958 


Rotary control shields 


The advantage of the reactor control 
system proposed here by Rolls-Royce 
is space saving because the control ele- 
ments do not protrude from the reactor 
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803,708 SPACE-SAVING CONTROL 

1 Core 

2 Fuel elements 

3 Spiral graphite elements 

4 Reflector 

5. 6, 7 Control elements 

8 Quadrant 

9 Spindle 

10 Bevel gear 

11 Meshing bevels 
when removed. In the graphite-moder- 
ated, helium-cooled reactor illustrated 
they are of part-cylindrical form—say 
an arc of 120°C and radius of half the 
minimum reflector thickness—mounted 
to move in a circular path in the graphite. 
They can equally well be complete 
drums with a neutron absorber attached 








————————— 


on of the Controller of Her Majesty's Stationery Office. Complete specifications can be obtained 





to part of the surface. In the position 
shown the cylinders (5, 6, 7) act as neu- 
tron absorbers and, when rotated about 
their axis to the opposite position, act 
as reflectors. Grouped in pairs, each ele- 
ment is mounted on a quadrant attached 
to a spindle (9) carrying a bevel gear 
(10) and each pair is driven by meshing 
bevels (11) on a common shaft. Both 
elements of a pair are operated together, 
moving in angularly opposite directions. 
803,708 Improvements in or relating to 
nuclear reactor control mechanism Rolls- 


Royce Ltd Appn: Dec 31, 1956 Pubd: 
Oct 29, 1958 


In brief 

To reach the high bulk density uranium 
dioxide necessary for use in reactors i.e. 
9-5 g/cc or more, cold pressed masses 
of the dioxide comprising non-stoichio- 
metric phases are sintered in an inert 
atmosphere at 200 to 1500°C for half 
an hour or more. Method of doing this 
and of preparing the defective structure 
uranium dioxide is described in the 
UKAEA’s specification 801,381. 


Applied for in Canada twelve years ago, 
801,651 is for a reactor with a natural 
uranium graphite core of subcritical size 
and control rods containing at least 1-5 
pe by weight of fissionable material. As 
the reactivity decreases, the rods are in- 
serted further and further into the pile 
so that there is no intentional waste of 
neutrons at any stage in the operation. 
Obviously applicable to fast breeders. 


For use with both light and heavy water 
cooled reactors, a fpd system by Atomic 
Energy of Canada is detailed in 793,297 
in which only fission products emitting 
neutrons are detected, Monitor is placed 
near coolant outlet duct at a sufficient 
distance from the reactor for neutron- 
emitting substances likely to give rise to 
spurious readings to have decayed. 


Two consecutive numbers from Babcock 
and Wilcox (802,805 and 802,806) cover 
the design of an aluminium-clad fuel 
element and sheath. The first describes 
spacers between the rod and can com- 
prising groups of radial pins attached 
either to the element or the can. In the 
second a similar arrangement for the 
sheath is outlined to keep it central in 
the reactor channel. 


To allow sufficient volume in the pres- 
sure vessel to contain radioactive gases 
resulting from a leak, RCN propose in 
803,569 the use of an expanding gas 
holder in their suspension type reactor. 
Preferably a wet gasometer, this is 
attached to the shell via a condenser 
which reduces the expanded volume by 
removing vapours and also. enables 
costly liquids used in the system—such 
as heavy water—to be recovered. 





from the Patent Office (Sales Branch), 25 Southampton Street, London, W.C.2. 3/6 a copy (including postage, inland and abroad) 
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Memorandum 
ona 
dangerous 
subject 


The creation of dusts infinitely more dangerous 








than anything previously known to mankind has 
given impetus to a ‘new look’ at the problems so 
far experienced, and the methods and equipment 
available to combat these problems. Mancuna 
Engineering Limited have been in the forefront of 
those few Companies who have recognised the 
exceptional nature of the demands which would 
have to be met in nuclear energy installations. 
Their latest memorandum describes the technical 
and scientific approach being applied to gas clean- 
ing and dust collection and provides the nuclear 
energy engineer with an appreciation of the equip- 
ment available to him. A brief request on your 


firm’s letterhead will ensure you a copy. 


MANCUNA ENGINEERING LIMITED 
Specialists in Gas Cleaning and Dust Technology 
DENTON * MANCHESTER 
Phone: DENTON 3965 (5 lines) 

London Office: 59 VICTORIA ROAD 


SURBITON * SURREY 
Phone: Elmbridge 9793 
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The following reports have been made available to the public by the United 
Kingdom Atomic Energy Authority. They may be borrowed or photocopies 
obtained from the Science Library, London, Department of Industrial and 
Forensic Science, Belfast, the Mitchell Library, Glasgow, and the Central 
Libraries at Acton, Birmingham, Bristol, Kingston-upon-Hult, Leeds, Liver- 
pool, Manchester, Newcastle-upon-Tyne and Sheffield. They are also deposited 
in the Copyright Libraries (i.e. British Museum; University Library, Cambridge; 
Radcliffe Science Library, Oxford; National Library of Scotland, Edinburgh; 
National Library of Wales, Aberystwyth) and in the Patent Office Library. 
Reports marked* may be purchased from Her Majesty's Stationery Office. 


Reports are also avatlable in the United States, from the USAEC depository 
libraries, a list of which will be found in NUCLEAR SCIENCE ABSTRACTS. 
Reports for sale may be purchased in the United States from: Sales Section, 
British Information Services, 30 Rockefeller Plaza, New York 20, N.Y 


AERE Harwell 


Colorimetric determination of plutonium in microgram quan- 
tities. T. V. Healy, P. E. Brown. (Nov 1953, 16 pp) AERE 
C/R 1287 4s* 

Selected abstracts of atomic energy project unclassified report 
literature in the field of radiation chemistry and bibliography of 
the published literature. Second annual supplement. (Papers 
noted up to Dec 1957.) R. W. Clarke. (1958. 330 pp) AERE 
C/R 1575 (1 to 6) Supplement 2 42s* 

The experimental determination of conversion factors and fast 
fission factors. C. G. Campbell, M. D. Carter, (1958. 7 pp) 
AERE R/R 2397 

A remotely-operated polarographic apparatus. C. Jackson 
(August 1958. 10 pp) AERE ES/R 2491 2s 6d* 

A review of two-phase heat transfer (1935-1957). J. G. Collier. 
(May 1958. 119 pp) AERE CE/R 2496 16s* 

The behaviour of soluble slurries flowing under a thermal 
gradient. R. 1. Hawes, G. W. Horsley, R. Sheldon. (May 1958. 
19 pp) AERE MR/R 2529 8s* 

Interdiffusion behaviour of copper and uranium. /. J. Bear, 
A. D. Le Claire. (June 1951. 19 pp) AERE M/R 2544 4s 6d* 
Experiments on sub-critical assemblies of enriched uranium 
plates in natural water. Part 1. The —— of one-eighth 
inch plate assemblies. S. E. Barden, A. K. McCracken. (1958. 
31 pp) AERE R/R 2562 Ss 6d* 

The polonium chemistry project. (August 1953-April 1958). 
K. W. Bagnall et al. (July 1958. 17 pp) AERE C/R 2566 3s* 
The interpretation of fine structure measurements. Part 3. 
Graphite-uranium lattices. 7. S. Grant, J. E. C. Mills. (1958. 
17 pp) AERE C/R 2566 7s* 





The thermal conductivity of aqueous thoria suspensions. F. A. 
Johnson. (June 1958. 30 pp) AERE R/R 2578 4s 6d* 
Calculations on the release of stored energy in graphite. D. E. 
Rimmer, W. M. Lomer. (June 1958. 20 pp) AERE M/R 2603 
Neutron flux measurements in the core of Lipo. J. W. Weale 
et al. (July 1958. 45 pp) AERE R/R 2620 7s* 

Exercise Mermaid. P. Bowles et al. (August 1958. 230 pp) 
AERE E/R 2625 35s* 

Flux and cross-section measurements with fast fission neutrons 
in BEPO and pipo, 1. Relative fission flux profile. 2. (n,p) and 
(n,@) cross-sections, C. E. Mellish, J. A. Payne, R. L. Otlet. 
(July 1958. 20 pp) AERE I/R 2630 3s 6d* 

A study of the accuracy and precision of the lanthanum fluor- 
ide co-precipitation method for the determination of plutonium. 
R. B. Chenley, G. J. Hunter, T, J. Webber. (June 1958. 13 pp) 
AERE C/M 327 1s 9d* 

A measurement of the contribution of the Doppler effect to the 
temperature coefficient of reactivity in a fast reactor. A. R. 
Baker, T. A. J. Jaques. (June 1958. 25 pp) AERE R/M 168 
An absolute measurement of the effective delayed neutron 
fraction in the fast reactor ZEPHYR. D. B. McCulloch. (July 
1958. 9 pp) AERE R/M 176 

Preparation and properties of the carbides of scandium, yttrium, 
the actinides and the lanthanides. A bibliography. R. G. P. 
Towndrow. (July 1958. 14 pp) AERE Inf/Bib 115 2s 6d* 
The United Kingdom atomic power programme. A selected 
reading list. N. Skeats. (July 1958. 9 pp) AERE Reading list 2. 
A list of British books and periodicals on atomic energy. 
N. Skeats. (July 1958. 21 pp) AERE Reading List 3 
Metallurgical aspects of atomic energy. A selected reading list. 
P. J. Jones, G. L. Cooper. (June 1958. 14 pp) AERE Reading 
List 4 

A selected reading list on controlled thermonuclear reactions. 
C. Sabel. (August 1958. 5 pp) AERE Reading List 5 


Industrial Group 


The determination of boron in gaseous carbon dioxide, (1958. 
10 pp) IGO AM/W 176 2s* 

Accident to no. 5 turbogenerator at Calder Hall power station 
on 28th June, 1958: report of the board of enquiry. (1958. 
26 pp) IGO AR 44 

Two-group diffusion-theory criticality calculations on interact- 
ing slabs and a brief review of the theory used. R. 1. McLeod. 
(1958. 24 pp) 

Equipment for the machining and tensile testing of irradiated 


uranium. D. Shaw, W. G. Hufton. (1958. 8 pp) IGR TN/W 905 
3s* 





DECEMBER DIARY 


ICE Institution of Civil Engineers. IMechE Institution of Mechanical Engineers. 
IEE Institution of Electrical Engineers. IChemE Institution of Chemical 
Engineers. IP Institute of Physics. PS Physical Society. SCI Society of Chemical 
Industry. IM Institute of Metals. IMet Institution of Metalturgists, IMM 
Institution of Mining and Metallurgy. IPE Incorporated Plant Engineers. SIT 
Society of Instrument Technology. BritIRE British Institution of Radio 
Engineers. RSH Royal Society of Health, IR Institute of Refrigeration. 
TUESDAY 2 

MANCHESTER IEE Thermonuclear fusion and the develop- 
ment of zeTA E. R. Hartill 6.15 Engineers’ Club, Albert 
Square 

WEDNESDAY 3 

SOUTHSEA IPE Safety in the use of electricity S. J. Emer- 
son 7.30 at Royal Beach Hotel 

THURSDAY 4 

MANCHESTER BritIRE High input impedance d.c. ampli- 
fiers S. Stuart 6.30 Reynolds Hall, College of Technology, 
Sackville Street 

LONDON IEE (with BNEC) A review of work towards 
nuclear energy from controlled thermonuclear reactions D, W. 
Fry 5.30 at the Institution 

FRIDAY 5 

LONDON IMechE (with BNEC) An experimental investiga- 
tion into the stress distribution in a band reinforced pressure 
vessel K. G. Mantle, N. Marshall, P. J. Palmer 6.00 at the 
Institution 

MONDAY 8 

SHEFFIELD IPE Argon-are welding of corrosion and heat 
resisting steels J. A. McWilliam 7.15 at Grand Hotel 
NEWCASTLE IEE Electrification of the UKAEA industrial 
group factories J. W. Binns, W, J. Outram 6.15 Neville Hall, 
Westgate Road 
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TUESDAY 9 
MANCHESTER IPE Application of hydraulics in industry 
J. R. Fawcett 7.15 at Engineers’ Club, Albert Square 


LONDON SCI Some aspects of radiation induced chemical 
process Dr R. Roberts 6.00 at SCI headquarters 


LONDON ICE The use of radioactive isotopes for the investi- 
gation of sewage treatment plant S. G. Burgess, A. F. Green 
5.30 at the Institution 


WEDNESDAY 10 

LLANDAFF BritIRE AGM and discussion: the training of 
a and radio engineers 6.30 Llandaff Technical Col- 
ege 

THURSDAY 11 

GLASGOW IPE Can formal management techniques benefit 
the work of the plant engineer F. R. Curry 7.15 at the Scot- 
tish Building Centre, 425 Sauchiehall Street 


LONDON IPE The European common market—its origins 
and implications Sir Cecil Weir 6.30 at the Royal Institution, 
Albemarle Street. Admission by ticket only 


FRIDAY 12 
LONDON IMechE Discussion: boiler and component trouble 
6.00 at the Institution 


WEDNESDAY 17 
ROCHESTER IPE Treatment of trade effluents and methods 
of purification T. Waldmeyer 7.00 at King’s Head Hotel 


FRIDAY 19 

EDINBURGH BritIRE Design and construction of precision 
toroidal potentiometers for data transmission H. J. Arnott 
7.00 Department of natural philosophy, The University, Drum- 
mond Street 
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Produced 
Precisely 





and / 
Make / 


Research, Development and Design facilities and the most up-to-date 
equipment, which includes I5 Jig-Borers, enables us to execute to tight 
delivery schedules the Design and production of Special Purpose Mechanisms, 
Assemblies, and Machines. 


Whenever TIME & ACCURACY matter you can depend upon us!!! 


Our Research and Design facilities for the production of close tolerance Test 
Rigs, Gauges, Pumps, Models, and Components to timed schedules are at 
YOUR service—and, of course, Precision Toolmaking. 


Serving Industry, M.O.S., Admiralty and U.K. Atomic Energy Authority 
Our Technical Department is available for consultation at all times 


PREMIER PRECISION LIMITED 


Research & Development Engineers & Toolmakers 


WESTERN ROAD, BRACKNELL, BERKS 


Tel: BRACKNELL 1002-3-4-5 TELEX 84128 
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DON’T NEED 
SPECIAL 
EQUIPMENT OR 
FLUIDS TO CLEAN 
THIS AIR FILTER! 





A finely graded mesh of intermingling 
hair, specially selected to withstand the 
varying humidity and conditions of the 




















Heather Multi-Brush Air Filters can be dust-laden air, is used to trap impurities 
cleaned easily and thoroughly, without and dust particles from the incoming air 

special equipment or fluids, and still stream. Periodically, the filter brushes 
retain the initial filtering efficiency. In can be cleaned simply by shaking or 
fact, maximum efficiency and minimum suction cleaning. 
maintenance is the correct way to sum * Write NOW for leaflet H74 which gives 
up this unique, low-cost filter system. full details. 
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7 KENDALL PLACE . BAKER STREET . LONDON W.! HUNTER 1801 
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Man and Method 
( 





The result of this craftsman’s work will be an 
interior surface, smooth as silk—without blemish, 
and completely safe for the bulk transportation 

of edible liquids. 

He is skilled and proud of it and, like his colleagues 
in other crafts, he meets the exacting demand set 
by Darham in the construction of road tanks, 
transportable tanks and storage tanks for customers 
in countless industries at home and overseas. 


DARHAM TECHNICAL ADVISORY SERVICE is on cai! to you. 
If you would have tanks that are accepted as a 
standard by which others are judged you will 

seek the advice of Darham. 





DARHAM build fine tanks in Mild Steel (suitably 
lined if necessary), Stainless Steel and Aluminium. 








DARHAM INDUSTRIES (LONDON) LIMITED 
13 Victoria Street, London, S.W.1. 
ABBey 2231 (3 lines) 


WORKS; BASILDON ESSEX AND DURHAM CITY 
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Positive Displacement Pumps 


—for all applications and requirements 


Weare specialists in high pressure positive displacement pumps of compact dimensions 
for handling liquids of varying viscosities and with other difficult characteristics. Pumps 
are also made in special materials for arduous duties. 


Multi-cylinder plunger pumps of new design for Triplex totally enclosed power pumps for various 

direct motor drive. Unit construction, from capacities and pressures up to 6,000 p.s.i. 

two to six plungers with output 0.6 g.p.m. per General ee ene of simplex, duplex and 
. i triplex type in materials to suit a wide variety of 

plunger at 1,000 p.s.i. pressure. Overall dimen- liquids 

) “ y > , ” \ ” vy ” . . ea . . . . . 

sions for five stage pump only 17” < 13” X 7 Special pumps designed to suit any individual 

high. Patents pending. Price ex-works only £150. requirement. 


If you have a pumping problem please contact us 


JOSEPH EVANS & SONS (WOLVERHAMPTON) LTD 


CULWELL WORKS, WOLVERHAMPTON LONDON OFFICE : Pulsometer House 
20/26 Lamb’s Conduit St, W.C.1 
Telephone: 20864/6 Telephone : HOLborn 1402 











fabricators in the rarer ‘metals. . 


TITANIUM 
ZIRCONIUM 
HAFNIUM 


MAGNESIUM 
ALLOYS 


NIOBIUM 
ETC. 


ALSO 
NICKEL 
ALLOY STEELS 


AND 


STAINLESS 
STEELS 


SPECIALLY DESIGNED WELDING CHAMBER 


CBramah — aoe 











PHONE : 24228 
28264 (5 LINES) 
AND 
Ch err OLD einer: 


DEVONSHIRE STREET <« SHEFFIELD 
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TWO OF THE TWELVE 72” DIA CAST IRON BREECHES PIPES WITH 39° DIA BRANCHES, 
WEIGHT APPROXIMATELY 7 TONS EACH. PART OF A RECENT ORDER IN CONNECTION 
WITH A LARGE STEAM CONDENSING PLANT. 


e. & WwW. WALKER LTD. Telephone: - LILLESHALL - Ore ners) 


MIDLAND IRONWORKS DONNINGTON NR. WELLINGTON : SHROPSHIRE 














PLANT HEATING 
equipment 


A typical installation undertaken by Electrothermla 
shows metal clad heaters on conical and dished-end 
metal vessels of 400 and 600 gallon capacities. 

200 litre flask mantles, Armoured Heaters and Pipe 
Heaters are also incorporated in this installation. 


(Photo by courtesy of National Cash Register Co, Ltd.) 


ELECTROTHERMAL 
undertake the 
design 
manufacture 
and installation 
of electric Plant Heating Equipment 
to customers’ specification 


Please send details of your projects to :— 


Efectrothermal for Plant Heating 


ELECTROTHERMAL ENGINEERING LTD - 270 Neville Road, London, E.7 Tel: GRA 99II 
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SIMPLEST OF ALL LIQUID LEVEL CONTROL DEVICES 


‘LECTRALEVEL? coe | ie 


NO FLOATS—NO ELECTRONICS 


A small A.C. current flowing between stationary electrodes 
operates a Londex LQA mercury switch relay. The control 
unit can be mounted at any distance from the tank. The 
supply can be of any voltage ; power consumption 10 watts. 

















A wide range of electrodes and holders is available. Equipments 
can be supplied for automatic pumping-in and pumping-out, for 
multi-level indication, also for use with high-resistance liquids 
such as steam condensate. 


\\ 
\\ 
\ 


AUTOMATIC PROCESS CONTROL 


START 


' 

' 

The ‘‘Lectralevel’’ system is often combined with other Londex ' 

controls, such as sequence timers, to provide complete | 
automatic process control. Write for leaflet 94/F/N.P. y = 

' 

'‘ 


| LONDEX LTD. | MANUFACTURERS OF ELECTRICAL AUTOMATIC CONTROL APPARATUS 


Anerley Works, London SE20 Telephone: Sydenham 3111 t 


for the most” 


FERROUS comprehensive 


METALS stock avatlable 





BRASS, COPPER, PHOSPHOR BRONZE, GUN METAL, NICKEL SILVER 
° ALUMINIUM, DURALUMIN, TIN PLATES, ZINC SHEETS 
e TEE RODS, TUBES, STRIPS, SHEETS, BLANKS, ANGLES, CHANNELS 
° RIVETS, SCREWS, NUTS, WASHERS, GAUZE, SOLDER 
2 PERFORATED SHEETS, STUDDING 
J SMIT & SONS (CLERKENWELL) LTD. phone: CLE 1277 (14 lines) 
* 42/54, ST. JOHN’S SQUARE, CLERKENWELL, LONDON, E.C.! Screw Dept: CLE 0925 
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conditions of operation. 








VENTEX Zr Aidtors 





" Send your enquiries for air filters to: 
(ozona ENGINEERING CO. LTD. 
; ROCHESTER - KENT 


Telephone: CHATHAM 4501 1/PBX 








ACHIEVEMENTS 
i+iesn ne 222.2. PAPAL OOOO re = — 
: 


= Opposite, a liquid metal heat transfer loop set under a 
ese 550°C. NaK test. 
ree 
ese. (designed and constructed under the supervision of the 
Sent, EDF’s Study & Research Section). 


ee 
werete Other atomic engineering achievements : 


retee —GACHOT Bellows Valves 


eee —Valves fitted with electro-magnetic drive and special 


weet valves for the detecting of burst fuel slugs. 
we —Valves and other devices with magnetic couplings 


*. (permanent magnet). 


TECHNIQUES NUCLEAIRES 


SOCIETE D’ETUDES ET DE. REALISATIONS 


32, RUE DE MONTIGNY ARGENTEUIL {5.80} FRANCE. Tél. ARGENTE 
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isso important 


and only the finest equipment is acceptable 


Continuous - Cleaning Ventex Air Filters 
ensure a constant flow of clean air to 
vital functions of atomic power plant 
equipment. The filter is static and rigid, 


ensuring strength and reliability under all 


There is a Ventex Air Filter for every purpose. 


ATOMIC ENGINEERING 
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TO BRITISH 

AND WELDING 
AMERICAN FITTINGS 
STANDARDS 


iW Uiy 


FORGED 
STEEL 
FLANGES 


HU Let 


LLL 


ae 


--andyou BUY BRITISH! 


FABRICATED at ——= , ' ~~ pe? 
PIPEWORK SSE SS Nae 
IN STEEL, ‘ 


STAINLESS 


STEEL AND = Z & CO (TUBES) LTD 
COPPER 


74 82 PARADISE ST., LONDON, S.E.16 
BERMONDSEY 3156 7.8 
WALSALL - MANCHESTER PONTYCLUN 


MALLEABLE TUBE FITTINGS : 4 
TO BRITISH STANDARDS ” = — as British as the 


THE HEART OF RELIABILITY 











TIM Ne for Pipe Tracing... 


The wide range of tapes from I’ 6” to 240 
foot lengths in five loadings from 





5 to 40 watt per foot allows you to 
choose the correct unit for any 

heating or compensating duty. 

Easily and quickly applied, terminations at 


one end. 


A glance at the graphs in our leaflet 
shows you the required loading. 

Please ask for PLT/S8—new 44-page plant 
catalogue fully documenting our 

Surface Heating Units. 


Technical service and advice given freely. 


Spiralled for high2r temperatures and larger bores. Straight traced for general use, fuel 
feed lines and frost protection. 





ISOPAD LIMITED 
@ @ @ Barnet By-Pass, Boreham Wood, Herts. @ @ ©@ 
Phone: ELStree 2817/8/9. 
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is soimportant 


and only the finest equipment is acceptable 


Continuous - Cleaning Ventex Air Filters 
ensure a constant flow of clean air to 
vital functions of atomic power plant 

equipment. The filter is static and rigid, 
ensuring strength and reliability under all 


conditions of operation. 





There is a Ventex Air Filter for every purpose. 





VENTEX Zr Aittore 


Send your enquiries for air filters to: 


OZONAIR ENGINEERING CO. LTD. 
" ROCHESTER - KENT 


Telephone: CHATHAM 45011/PBX 








ATOMIC ENGINEERING 
ACHIEVEMENTS 
sunen che wate M PLPC ROO OOO = 


‘ewe. 


“ Opposite, a liquid metal heat transfer loop set under a 


ese 550°C. Nak test. 
ee 


fete (designed and constructed under the supervision of the 


sea, EDF’s Study & Research Section). 


‘sete —GACHOT Bellows Valves 


eee —Valves fitted with electro-magnetic drive and special 


oer valves for the detecting of burst fuel slugs. 
we —Valves and other devices with magnetic couplings 


- (permanent magnet). 


TECHNIQUES NUCLEAIRES 


SOCIETE D’'ETUDES ET DE REALISATIONS 


82, RUE DE MONTIGNY ARGENTEUIL /S.320O) FRANCE. Tel. ARGENTEUIL 9-93 
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ENGINEERS!! 







TO BRITISH 
AND 
AMERICAN 
STANDARDS 








WELDING 
FITTINGS 







buy from es 


FLANGES 


...andyou BUY BRITISH! 









FABRICATED pe? 
PIPEWORK ‘ 

IN STEEL, I 

STAINLESS Z 

STEEL AND Z & CO (TUBES) LTD 
COPPER Z 


74 82 PARADISE ST., LONDON, S.E.16 


TT 


AI 


Me 


ANNALARA AQAAALALALAAAL 


s BERMONDSEY 3156 7/8 


WALSALL: MANCHESTER PONTYCLUN 








MALLEABLE TUBE FITTINGS 
TO BRITISH STANDARDS - as British as the 


Flag 








THE HEART OF RELIABILITY 





The wide range of tapes from I’ 6” to 240 
foot lengths in five loadings from 





5 to 40 watt per foot allows you to 
choose the correct unit for any 

heating or compensating duty. 

Easily and quickly applied, terminations at 


one end. 


A glance at the graphs in our leaflet 
shows you the required loading. 

Please ask for PLT/58—new 44-page plant 
catalogue fully documenting our 


Surface Heating Units. 
Technical service and advice given freely. 


Spiralled for high2r temperatures and larger bores. Straight traced for general use, fuel 
feed lines and frost protection. 





ISOPAD LIMITED 
@ @ @ Barnet By-Pass, Boreham Wood, Herts. @ @ © 
Phone: ELStree 2817/8/9. 
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MUREX manufacture 
ductile 


NIOBIUM 


ROD, WIRE, SHEET & TUBE 





i 


ene 


Write for full technical information 


— 


MUREX LTD. (Powder Metallurgy Division) RAINHAM + ESSEX 


Telephone : Rainham, Essex 3322 Telex 28632 Telegrams : Murex Rainham-Dagenham Telex 
LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1 


Castings in Steels 
to resist all types 
of corrosion 


Ranging from 13°, Chrome and standard 







18/8 type of steels to the complex 
Nickel Base Alloys. 





If you have a corrosion problem — we have the answer. Write for details. 


Sheepbridge Alloy Castings Limited One of the Sheepbridge Engineering Group 


Sutton-in-Ashfield, Notts Telephone: Sutton-in-Ashfield 590 
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coincidence unit 
type 1036c 


v4 





VG 


e 


The new Dynatron Coincidence Unit 
Type 1036C contains a 3 channel coin- 
cidence circuit which may be used in 
any one of the following arrangements : 


eeR 


“9 
5 


I Channels | and 2 in coincidence. 

If Channels | and 2 in coincidence, the output 
being in coincidence with channel 3. 

IIIf Channels 1 and 2 in coincidence, the output 
being in anti-coincidence with channel 3. 

IV Channel 3 in coincidence with channels | or 2. 

V Channel 3 in anti-coincidence with channels 
lor 2. 





The three input channels and the coincidence 
mixer are sub-units which are removable from 


NUCLEONIC & ELECTRONIC DEPT. 
Dynatron Radio Ltd., Maidenhead, Berkshire the front panel. The complete unit is con- 


Telephone: Maidenhead 5151/2/3/4/5 





structed on a 103 inch Post Office rack panel. 


Scalers Pulse Generators - Pulse Analysers Power Units - Probe Units - Pulse Amplifiers Instrument Racks 





COOL, CLEAN AIR even in the most distressing climate 


B. O. MORRIS (HOLDINGS) LTD., ANNOUNCE that they are now producing Air Conditioning 
Equipment using the trade name of ‘AIR KING’. This is the most efficient, easiest to instal 
and most attractive air conditioning unit for Offices, Hotels, Hospitals, Schools, Laboratories 


—in fact everywhere that cool, clean air is essential. Beautifully styled and superbly made. 


Technical Agents are required in 
most territories throughout the World. 






AIR CONDITIONING UNIT 


B. O. MORRIS LTD., MORRISFLEX WORKS, 


BRITON ROAD, COVENTRY. ENGLAND. 
Tel: 53333 (PBX) 


Product of the Merrcefler Group 
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SMALL?... YES! But 
GIANT 
PERFORMANCE 


A.C. Voltage Stabiliser, Type ASR-1150 


This Stabiliser, of the A.C. automatic voltage step- 
regulator pattern, will handle loads up to over 1 kilo- 
watt—and has an output of 5 Amperes at (usually) 
230 volts. As a general rule it weighs only about 
1/10 of the so-common “choke-condenser”’ types 
offered by many competitive firms. It has no large 
high-rating capacitors—which fail regularly in 
“resonated” types of Stabilisers, and which are very 
expensive to replace. 

ASR-1150 is insensitive to changes of mains frequency, works equally well from o”,, to 
100 load (maximum loading 1150 VA), and has sinusoidal output waveform. The 
degree of Stabilisation it provides is ample for very many purposes. 

Complete details of our entire range of Regulators, of which there are many patterns 
ranging from 200 VA to about 30 kVA (single-phase) are given in our new 32 page 
Automatic Voltage Regulator Catalogue (S-574) which will be sent at once against your 
written request. 


Glande fpons Gd. eee... 


Telephone : Hoddesdon 3007 -8-9 


The ASR-1150 
Weighs 11 lb 
Measures 84 x 44 x 5 

Price £25.16.0 Net 


Grams ; Minmetkem, Hoddesdon 


Head Offices: 76 OLDHALL ST., LIVERPOOL, 3. Telephone: Central 4641/2 











Abs 


Expressly designed 


During the 

past twenty years, 
ERMETO designers have 
developed an immense range of 
high pressure fittings to 

suit every conceivable need. 

If our range does not 

contain a fitting to sult your 
purpose do not 

hesitate to contact us. 


Our Technical staff will be 
pleased to collaborate in 
the development of 


any non-standard item. 


ire couplings and valves are available on request. 






f our standard range of high 


BRITISH ERMETO CORPORATION LTD - Beacon Works - Hargrave Rd - Maidenhead - Berks 


Telephone: Maidenhead 5100 (10 lines) 
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Scintillators in 5 forms 


Scintillators in five forms are now available from Nash and Thompson Ltd. 


CRYSTALS 


Anthracene, Stilbene, Diphenylacetylene, in discs and cylinders. 
PLASTICS 

N.11 and N.11-X-ray, high sensitivity, high transmission polyvinyl toluene based. 
: LIQUIDS 

Ready made, sealed in glass containers to your specification, or as scintipaks. 
SCINTIPAKS 

Accurately mixed dry constituents sealed in polythene envelopes, ready for 
dissolving in a suitable solvent as required. 

POWDERS 


Scintillation purity chemicals for crystal growing experiments, and the 
manufacture of special scintillators. 


Write or telephone for full information to Nash and Thompson LIMITED 


OAKCROFT ROAD * CHESSINGTON * SURREY © ENGLAND * ELMBRIDGE 5252 
WHG/NT.64 









Heavy 


TELEPHONE: 
HAULING WINCHES est 7 
Designed & Built by W. & E. MOORE LTD. ies 
13-31 POPLAR HIGH STREET, LONDON, E.14 ESTAB. 1863 
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BUXTOH APPROVED ah 


FLAMEPROOF PRESSURE 
SWITGH 






















Now approved for Group | also 


Designed to meet the requirements of BSS 299 for 
operation in hazardous atmospheres, and incorporates 
a stainless steel pressure element. 


Fully approved by the Ministry of Fuel and Power for 
Groups 1, 2 and 3 gases, and carries Buxton Certificates 
No. FLP 3369 and 4081. 


Pressure ranges for Type SP-1027 from 0-20 p.s.i. to 
maximum 300 p.s.i. Other Buxton Certified Flameproof 
Pressure Switches available for ranges 30” w.g. to 

4,500 p.s.i. and 0-30” Hg. vacuum. 


at dias ">, 
Full details and specifications of the complete “ fol-7-4","1 a7 -. 
K.D.G. range are readily available from: > K D G + 

< 
K.D.G. INSTRUMENTS LTD. Bl 
oO 
MANOR ROYAL . CRAWLEY s ety me . 
44a 

SUSSEX Crawley 25151 


LONDON SHOWROOMS, SALES & SERVICE 
100 Fleet Street, E.C.4 Tel: FLEet Street 5354-5 In association with Stow & Partners Ltd. 


What de you expect of a 
THERMOCOUPLE 7 





In new manufacturing processes 

amongst the resins, the plastics, 
= in paints, textiles, colour and 

chemicals —and in a hundred 





other spheres — temperature 











control is playing a bigger 
and more vital part. 


i 








Higher accuracies, quicker responses, longer life—these are the demands 
imposed by today’s thermo-instrumentation. And, these too, are the inherent 


i i! features of ‘Pyrotenax’ Thermocouples. Add to these the characteristics shown 
@ EASILY BENT TO SHAPE and you have the reason why ‘Pyrotenax’ Thermocouples are the considered 
choice of the scientist and technician behind such projects as Bradwell and 

* SS ae Calder Hall etc. and other famous enterprises in industry. 


@ SMALL OVERALL DIAMETER 


@ NO ADDITIONAL PROTECTIVE : R , 
SHEATHING REQUIRED ‘Pyrotenax’ Thermocouples are supplied with con- 


ductors of COPPER/CONSTANTAN with either p oO te n rsp « 
@ RAPID RESPONSE RATE CUPRO-NICKEL or MILD STEEL sheath, con- : 


ductors of NICKEL-CHROME/NICKEL ALU- 








@ LONG LIFE MINIUM ALLOY with NICKEL-C ROME 

STEEL s for high ac acy, high ’ 
. INEXPENSIVELY REPLACED a r high accuracy; gh temperature M INERAL IN Ss U L ATE D 
PYROTENAX LIMITED * HEBBURN-ON-TYNE a Telephone: Hebburn 83-2244/8 
LONDON: ABBey 1654/5. BIRMINGHAM: Midland !265. MANCHESTER: Blackfriars 6946. LEEDS: Leeds 27826. GLASGOW: City 3641/2. CARDIFF: Cardiff 23689 
GO 110 


aés Tick No 86 on reply card for further details NUCLEAR POWER December 1958 











Tick No 87 on reply card for further details 





VitrEosi [ Vitreosil Pure Fused Silica 
Blocks are now available up 

PURE FUSED SILICA to 36” x 18” x 18”; larger 
BLOCKS sizes are under development. 


Present applications are for 
special glass melting fur- 
naces and _ constructions 
where freedom from con- 
tamination and stability at 
high temperatures are 
desired. 


Your enquiries will be given 
prompt attention. 









THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6 WALLSEND, NORTHUMBERLAND. Tel: Wallsend 6-3242 


SERVICE TO LONDON: 12-14 OLD PYE ST., WESTMINSTER, S.W.1. Tel: ABBey 5469 
SCIENCE 








a OIL FREE 
' WD). oMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 








In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The WD) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 





Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 





Seer WILLIAMS & JAMES ncineers LIMITED 
GLOUCESTER - ENGLAND 


TELEPHONE GLOUCESTER 24021-2-3 TELEGRAMS & CABLES “COMPRESSOR GLOUCESTER 
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We specialise in fabricating hori- 
zontal or vertical air receivers to 
customers’ specifications, and pride 


ourselves on the attention paid to 
constructional details which ensure trouble-free service 
for the finished product. 


The vertical air receiver illustrated right was designed 
for a working pressure of 150-lbs. per sq. in. 


W.G. ALLEN & SONS (TIPTON) LTD. P.O. BOX 4, TIPTON, STAFFS 


TEL: TIPTON 1266 








Typical examples of Allen’s Fabrication Service : Low Pressure Welded Piping for Exhaust 
Steam, Gases, Water, etc. Pipes and Ducts for Super Power Station Boiler Plant ; Hoppers ; Casings; 
Tanks ; Flat Platework ; Manipulated Platework of all kinds ; Bed Plates and Frames for Machines, etc. 








Supposing a fire destroyed your plans and drawings ; think 
of the months of chaos which would result. 

But if your files are copied by a ‘Statfile’ Recorder you 
have permanent, reduced, duplicate masters which can be stored 
in a small space away from danger. . 

The ‘Statfile’ Recorder Model No. 3 copies drawings on to 
small negatives which are filed for easy reference. The Recorder 
itself can make enlargements on various papers or film, 
eliminating any need for laborious tracing; and it is adaptable 
for making large negatives for lithographic purposes. 

This Recorder has proved invaluable to industrial organisa- 
tions all over the country. Perhaps it can help you. Why not write 
to Photostat Limited for further details or a demonstration ? 





‘STATFILE’ RECORDER MODEL No.3 


Photostat Limited, 1-4 Beech Street, London, E.C.1. 


Tel: Metropolitan 0311-4 





‘Statfile’ is a registered trade-mark 
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DECEMBER 1958 


Nuclear Power 


~ mM 


free enquiry service for... 





TECHNICAL LITERATURE 


To help you keep right up to date in design, planning or actual buying, 
NUCLEAR POWER has compiled this list of advertised products and services 
under broad group headings. Study the advertisements and then simply tick 
the items about which you would like further details. Then post this form 


back to us and we will take immediate action to see you receive the 


information you want. 


Bearings 
O) Pollard Bearings Ltd 
] Hoffmann Mfg Co Ltd 


Carbon and Graphite 
[] Morgan Crucible Co Ltd, The 


Chemicals and plastics 

[] Grace & Co, W. R, 

] Imperial Chemical Industries Ltd 
Nash & Thompson Ltd 


A25, 


Construction, design and allied services 
Screw Machine Products Ltd 


Electric motors and gear units 
Electrical Power Eng Co (Birmingham) 
Ltd A72 


Electrical generating and subsidiary equipment 
(1 Fraser & Fraser Ltd A74 


Fans, ventilators and air conditioning equipment 
(1) Keith Blackman Ltd 2 
[ Morris Ltd, B. O. A65 
Filters 

"] Endecotts (Filters) Ltd 

| Heather Filters Ltd 


[] Ozonair Eng Co Ltd 


L] Vokes Ltd 


Gas treatment, movement control and storage 
[) Evans & Sons (Wolverhampton) Ltd, J. 
{} Imperial Chemical Industries Ltd 


Heating plant and equipment 
C) Electrothermal Eng Ltd 
‘i Isopad Ltd 
_| Pyrotenax Ltd 
Standard & Pochin Bros Ltd, The 
[] Thermal Syndicate Ltd, The 


Industrial films, books and exhibitions 
Blackwells 
Energia Nucleare 
Heffers of Cambridge 
Mancuna Eng Ltd 
Nuclear Reactor Physics 
Turners Film Productions 





amano and instr 
Airmec Ltd 

Avo Ltd 

Bailey Meters & Controls Ltd 
EMB Co Ltd 

British Rototherm Co Ltd 
Burgess Products Co Ltd 
Davison & Co (Hexham) Ltd 
Dynatron Radio Ltd 


rm 


Og 


pro 





Liquid tr 


Metals, 


Imhof, Ltd, Alfred 
Inglis Knibb & Co 
KDG Instruments Ltd 
Keelavite Hydraulics Ltd 
Londex Ltd 

Lyons Ltd, Claude 
Research & Control 
Sangamo Weston Ltd 
Sealey Eng Co Ltd 

Screw Machine Products Ltd 
Simmonds Ltd, L. E. 

Solartron Electronic Group Ltd 
Stonebridge Electrical Co Ltd 
Sunvic Controls Ltd 

Taylor, Taylor & Hobson Ltd 
West Instruments Ltd 
Westool Ltd 

Winston Electronics Ltd 


Instruments Ltd 


Insulation 


Cape Asbestos Co Ltd, The 
Kenyon & Sons Ltd, William 
Newalls Insulation Co Ltd 





Erhard, lohonnes. 
Evans & Sons (Wolverhampton) Ltd, J. 
Hayward Tyler & Co Ltd 
Hopkinsons Ltd 


Lubrication 


Shell-Mex & BP Ltd 


Mechanical handling 


Morris Ltd, gh 

Moore Ltd, W. & E. 

Paterson Hughes Eng Co Ltd 

Wharton Crane & Hoist Co Ltd, The 

fabrication, machining, machinery 

Atkinson Ltd, D. & J. M. 

Allen & Sons (Tipton) Ltd, W. G. 

Armstrong oe Aircraft Ltd, 
ir W. 

Atlas Steel Foundry & ef Co Ltd 

Barker & Sons (Eng) Ltd, J. 

Braby & Co Ltd, 

Bramah & Co Ltd, J. 

Burnley Aircraft Products Ltd 

Cox & Danks Ltd 

Darham Industries (London) Ltd 

Gardiner, Sons & Co Ltd 

Hadfields Ltd 

Harvey & Co (London) Ltd, G. A. 

Highfield Gear & Eng Co Ltd 

Ide Eng Ltd, 

Imperial Chemical’ Industries Ltd 

Kennedy & Co Ltd, Allan 

Mollart Eng Co Ltd 

Morgan Crucible Co Ltd, The 
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R, 
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618, 619 
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A67 
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and 





Murex Ltd 

Osborn & Co Ltd, Samuel 

Pascall Eng Co Ltd, The 

Power Jacks Ltd 

Premier Precision Ltd 

Screw Machine Products Ltd 
Sheepbridge Alloy Castings Ltd 
Smith & Sons (Clerkenwell) Ltd, J. 
Southborough Group 

Stewarts & Lloyds Ltd 

Stainless Steel Profile Cutters Ltd 
Telehoist Ltd 

Walker Ltd, C, 

Wiggin & Co Ltd, , = 

Wright Anderson & Co Ltd 

Yarrow & Co Ltd 


7 
j 
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Office equipment 
Edison & Co Ltd, Thomas 
Photostat Ltd 


00 


ower station equipment 
Bailey & Co Ltd, N. G. 
D. P. Battery Co Ltd, The 
Mirrlees, Bickerton & Day Ltd 
Serck Radiators Ltd 
Serck Tubes Ltd 
Superheater Co Ltd, The 
Vokes Genspring Ltd 
Whipp & Bourne Ltd 
Williams & James (Engineers) Ltd 


J 


10D ¢ 


O00 
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Reactor construction 

[]) A.C.F. Industries Inc 

{] General Electric Co Ltd, The 
(] Nuclear Power Plant Co Ltd 


Reactor equipment 
] Techniques Nucléaires 
Wellington Tube Works Ltd 


Remote hardling 
() Savage & Parsons Ltd 
Western Detail Mfgs Ltd 


Shielding 
() Grey & Marten Ltd 


Tools 
Abingdon King Dick Ltd 


Tubes, pipes, couplings and seals etc. 
Avica Equipment Ltd 

British Ermeto Corp Ltd 

Dowty Seals Ltd 

Kirk & Co (Tubes) Ltd 
Teddington Aircraft Controls Ltd 
Weston & Co Ltd, Charles 


please send me further information on the above items which I have ticked/or on the following editorial pages 602-604 


ADDRESS 


POSITION 











Note that no stamp is needed in United Kingdom 





Nuclear Power 
This service is designed to give you a 
advice or fuller information on any 
subject, or service mentioned in this 
issue—whether in the editorial text FREE ENQUIRY SERVICE me 
or in an advertisement—free of 


charge and 


SUBSCRIPTION SERVICE 


‘ 


Fold Here 





No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 


Postage 

will be 

paid by 
Nuclear Power 


Do you see 








NUCLEAR POWER 








regularly ? 


| Business Reply Folder Licence WD 1823 





Fold Here Firs 


Nuclear Power, 





Through your not seeing even one monthly 

3 Percy Street, ' 
issue you may have missed something really 

London, W1 important in the constantly changing nuclear 

England picture 

You can be sure of receiving Nuclear Power 

regularly every month by simply completing 


this coupon 


Please enter me as a subscriber to Nuclear Power for 





one year : 


United Kingdom eS .2.9 

Other Countries ee 

USA and Canada $8.00 +50c postage 
starting with the 


O and invoice me later 


O subscription enclosed 
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STEEL 
CASTINGS 


For internal Turbine Castings, Steam Chests, Valves, etc. in carbon and alloy 


steels up to 9 tons weight and to any specification. 


Pressu re Work ON ADMIRALTY, WAR OFFICE, LLOYD’S and other LISTS 


THE ATLAS STEEL FOUNDRY & ENGINEERING COMPANY, LIMITED 


ATLAS STEEL WORKS: ARMADALE, WEST LOTHIAN, SCOTLAND 


Telegrams: ‘‘ ATLAS ARMADALE WEST LOTHIAN "’ Telephone No.: Armadale 323 


Precision - 
made engineering 
Hand Toois 


Precision Hand Tools are of paramount importance to the Engineering 
Industry. King Dick hand tools are precision made under carefully 
controlled conditions, and set a superlative standard in quality and design. 
From the largest Constructional Engineering Tools to the smallest B.A. 
Socket Set, King Dick inspection routines ensure the correct combination 
of selected steels, perfect balance and precise accuracy. 

Send for illustrated catalogue giving complete range of King Dick Hand Tools. 


BUY ‘SB: BRITISH! 
0 wie 
! N 


G 0 ON —— —" 
KING DICK \)) PRECISION HAND TOOLS 


ABINGDON KING DICK, LTD., Abingdon Works, Tyseley, Birmingham, II, Snead 


8 
v 
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This way 


Or 
ady 
ano 
Cd 
& 


ee = wo = * we 


Aeronautical engineering is an excellent 
school for nuclear engineering. That is the reason for 
this advertisement. Armstrong Whitworth have been concerned 
with aeronautical engineering right from its infancy. 
Our machine tools and their highly skilled operators are 


now tackling a wide variety of engineering problems. 





We might well be able to help you. Write or telephone to: 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED 
BAGINTON, NR. COVENTRY. TOLLBAR 2261. ! 


WHO WANTS 








c 
¢ 
with all its attendant cost and dislocation. 
S 
Yet it can easily happen. . 
€ 
e ir 
Better play safe and specify 
Ww 
E.P.E. Flameproof Motors. 
Buxton certified of course. 
ELECTRICAL POWER ENGINEERING COMPANY (BIRMINGHAM) LIMITED 
Bromford Lane, Birmingham, 8. Phone: STEchford 226l. Grams: Torque Phone Birmingham 
London Office: 421 Grand Buildings, Trafalgar Sq., London, W.C.2. Phone: Whitehall 5643 & 7963 
A 
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Designed for 


Dependability a 


For the servicing of vital electrical and electronic 
equipment, the Universal AvoMeter is relied upon 
throughout the world. For maintenance testing and 
speedy indication and location of faults, it is un- 
rivalled. Its modest initial cost can be saved by the 
avoidance or rapid rectification of one single break- 
down. 


| 

| 

| 
Model 


O 


Universal 


AVOMETER 


\ multi-range electrical testing instrument giving a wide 
‘A range of readings of A.C. and D.C. Current, A.C. and 
D.C. Voltage, Resistance, and Decibels on a S5-inch hand 
calibrated scale. 
The instrument has a sensitivity of 20,000 ohms per volt 
and meets the accuracy requirements of British Standards 
Specification 89/1954 for industrial portable instruments. 
It is compact and robust, simple to operate, and is pro- 
tected by an automatic cut-out against damage through 
inadvertent electrical overload. 

Size: 8h in. x Thin. x 4h in. VOLTAGE AC/DC: 0 to 2,500 volts. 
Weight: 6$1b. (including leads) CURRENT AC/DC: 0 to 10 amps. 


RESISTANCE : 0-20 megohms 
List Price with internal 


£23 : 10s. batteries. 0-200 


megohms with ex- 
Fully descriptive literature 


ternal D.C. supply. 
DECIBELS : —ISdBro + I5dB. 
available on request. 


Various external accessories are 
available for extending the wide 
ranges of measurement 


. . . you can depend on qo 


4490 trp 


AVOCET HOUSE 
Telephcne: ViCtoria 3404 (? lines) 






92-96 VAUXHALL BRIDGE ROAD . LONDON . S.W.I. 
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Nucleated 
Power 





The nucleus of our business has always 
been our mechanical division which has 
specialised in the manufacture of com- 
ponents and assemblies for nuclear and 
other applications where a high order of 
precision is essential — the machining of 
stainless steel, radiometal, monometal, etc., 
being an important part of our work. 
Now we have gathered to this nucleus an 
electromechanical division and thus increased 
our power to help you by undertaking 
the Design, Development or Manufacture 
of:- 


Mechanical components, assemblies 
and mechanisms 
Electromechanical control systems 
Light electrical and electronic equipment. 


One-off prototypes, preproduction models and 
the engineering of breadboard systems, precis- 


ion turning and jig boring are of particular 
interest to us. 


Sealey Enginccring Company 


A.I.D. and A.R.B. approved. 


Head Office and Mechanical Division:- 
148 South Park Rd., Wimbledon, S.W.19. Tel: Liberty 6444 


Electromechanical Division:- 
Drift Bridge, Ruden Way, Epsom Downs, Surrey. 
Tel: Burgh Heath 5482 


aT73 
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Fabricated by 


kk KO W 


... the bodies for twelve 





60" Tansphere Valves 
being supplied by 
Hopkinsons Ltd for 
Bradwell-on- Sea 


Nuclear Power Station 


——_—— — 


YARROW & CO. LTD 
SCOTSTOUN, GLASGOW, W4 


SCOTLAND 
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HIGH-VACUUM 
DISTILLED 


MERCURY 


FOR THE HIGHEST PURITY 
4 DISTINCT GRADES AVAILABLE 


* SINGLE VACUUM DISTILLED 





* DOUBLE VACUUM DISTILLED 
* TRIPLE VACUUM DISTILLED 
% POLAROGRAPHICALLY PURE 


Write or Telephone for leaflet 





-D. & J. M. ATKINSON LTD. 


SUPPLIERS AND REFINERS OF MERCURY 


214 BISHOPSGATE, LONDON, E.C.2 
TELEPHONE: BlShopsgate 9026 





Al4 
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The Manning-Carr P.57C 
MINIATURE a 


i » 


POLARISED RELAY /'@ 9%. 


In dust-proof heavy gauge anodised » 
aluminium can mounted on BIA 
base for plugging in. | & 


(PS7 original open non-plugging : i 


version still available.) 

POST OFFICE 

TYPES 

3,000 & 600 RELAYS 
TO SPECIFICATION 
Tropicalising, impregnating 
and Services jungle finish if 
required. Delivery 3-4 weeks. 









PS7C BIASSED TO EITHER SIDE 
PS7C/CS CENTRE STABLE 

ALL TYPES FITTED WITH 
PLATINUM CONTACTS WHERE SPECIFIED 


Data_a Sensitivity of 25 milli-watts 
and capable of handling mains voltage on 
the contacts with alternating currents up 
to 0.25 amps. Being polarised they have 
the advantage that the armature contact 
on P57 and PS7C models can be biassed to 
lock in either direction by suitable 
adjustment of the contact screws which 
provides a useful facility where pulse 
operation is required. Speed of operat- 
ion is high and the Relay will follow 
frequencies appreciably higher than 
50 c.p.s. Resistance up to 7,000 ohms 
which is acceptable for Anode circuits. 
Alternatives to specification if required. 
Sole Concessionnaires. 


Actual 
Size 





Manufacturersto HM. Govt Derr 


L. E. SIMMONDS LTD. 


5 BYRON ROAD HARROW oe en Oe Or. 
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When Replacing Obsolete 
STEAM BOILERS 











INSTAL THE | 


FRASER 


WATER-TUBE 





BOILER 





Unsurpassed for efficiency and versatility, the Fraser 

Boiler has the distinctive merit that it incorporates 

a large brick-lined smoke consuming combustion 

chamber, thus complying with the requirements 
of the Clean Air Act. 


Write for illustrated literature 


FRASER & FRASER LTD 


Bromley-by-Bow, London, E.3. 


Telephone: ADVance 3266 (4 lines) Telegrams: Pressure, Easphone, London. 
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SOUTHBOROUGH 


DEVELOPMENT, PRODUCTION AND 
PRECISION ENGINEERS 








Specialists in sheet metal work 
and prefabrication to the Nuclear field 
in 
STAINLESS STEEL 
MAGNESIUM 
NIMONIC ALLOYS 
etc. 


Argon-Arc, Gas and Electric Welding 
A.|.D. and A.R.B. approved 








SOUTHBOROUGH GROUP 
112-122 COOMBE LANE, LONDON, S.W.20 
TELEPHONE : WIMbledon 6311 
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SPECIAL GEAR UNITS 


coon 


haya Ort ee 





The illustration shows a SPECIAL drive designed and 
manufactured by us with the co-operation of the 
U.K.A.E.A. for use on the Dounreay Fast Breeder 
Experimental Reactor. 
We welcome this kind of work on any gear and trans- 
mission problems as well as enquiries for our standard 
range of gear unit products and gears. 


HIGHFIELD GEAR & ENGINEERING CO. LTD., 


NILE STREET HUDDERSFIELD YORKSHIRE 
Telephone : Huddersfield 4490/1/2 Telegrams: Higears 
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Tick No 103 on reply card for further details 









NO 
WASTING 
TIME 
HERE 





...if you ever want to get 
at the inside ofa 
West Temperature Controller, 
it opens from the front... 
comes out in sections... 


[,2,3..SIMPLE 


West Instruments are models of simplicity. They’ve brought the 
principles of temperature control to a fine technical art... 
stability allied to constant accuracy. Of course, West’s specialise 
in temperature controllers; about the biggest sales in U.S.A. 


What about after-sales service? 


No wasting time there. Just as they do from all the major 
American and Continental cities, West’s operate an organised 
system of regular calls throughout the country, to see that your 
temperature controller is always doing precisely what it was 
designed to do. 





MODEL JP GARDSMAN 
All components under-run for reliability. Corrects 
for thermal inertia, does not overshoot control points 
— unaffected by ambient temperatures — control 
unit simply unplugs for service or replacement. 


WES 


tIMITEO 

















To: West Instruments Ltd., 52 Regent Street, Brighton 1 


Please ask your area representative to let me have 
full details of the West Instrument Controllers. 



































NAME POSITION ... atl 
COMPANY. 
ADDRESS. 

Laddas oe —— 


NP/10 


AT5 
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The 
MASTER-SLAVE 
MANIPULATOR 
is “alive” with 
Hoffmann Bearings 


There are about 220 of them — ball journals in non-corrodible steel, 
mostly in the miniature range and mostly of the shielded type as 
shown on the drawing of the differential “wrist” assembly. The 
smallest bearing used is only °%," outside diameter. 

All pivots, pulleys and rollers are fitted with them to reduce 
frictional resistance to the 
very lowest level and by . 
smooth motion combined & i” 
with entire absenceof shake, >= 
to facilitate the exact trans- (Oa 
mission of the operator's 2 
movements to the slave es) 
“hands” within the atomic >= 
chamber. (Oa 


We have worked through- g& 
out in the closest collabora- | S| 
tion with Messrs. Pye Ltd. of 
Cambridge and congratulate #8 
them on having received 
substantial orders for these tO 
Manipulators. 


A ready sale at home and “= 
abroad is anticipated. ‘Ca 






















ABOVE Bearing layout for 
the “wrist” assembly 
including an enlarged 
view of one of the 
shielded ball bearings. 


LEFT Slave “hand” grasps 
and pours contents of 
bottle. 


Illustrations shown by 
courtesy of Messrs. Pye 
Ltd. of Cambridge. 





BALL JOURNALS 


Your problem too may be modern 
— we can help you 





ATé 
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TO INDICATE CONTROL OR RECORD 
URE 





For accuracy, ease of reading, robustness, economy and 

long, trouble free life install Rototherm Thermometers, 

Controllers and Recorders. Specialists in bi-metallic 
applications. 


Write for details 


ototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 
THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, S.W.I9 LiBerty 766! 
Midland Factory: Hollis St., New Basford Nottingham 77847 
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THE DAVISON VACUMETER 


A Mercury Column Vacuum Gauge 
for accurately registering the absolute 
pressure inside a Steam Condenser 





* Installed by The United Kingdom Atomic Energy 
Authority in Calder Hall. 


* In many Central Electricity Generating Board 
Stations and in others throughout the world. 

* Also in Turbine-driven Steamships. 

¥* Also makers of creep testing machines 


DAVISON & CO. (HEXHAM) LTD. 


(ENGINEERS) 
HEXHAM -ON - TYNE 


Telegrams: ** Davison, Hexham.” 


ENGLAND 
Telephone: Hexham 7 
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‘M’ range Gensprings 
up to 80,000 Ibs. 
and 12 travel 

only 2% deviation 


° 
» 3 
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Our new *M’ range of Constant Support Hangers is now 
available for loadings up to 80,000 Ibs. and 12” 
travel—down to 2",, deviation. More economical, both 








TA 
SCREW MACHINE PRODUCTS LTD. 











in application and first cost, and more compact than 





Wooburn Green, Nr. High Wycombe, Bucks. previous types, they provide increased travel with 
Telephone: Bourne End II! less headroom requirement. The *M’ Hangers have been 
Tick No 108 on reply card for further details | developed from the “W’ range which have been chosen 


for Britain’s first three commercial nuclear power 
stations. 


OVALOCK 


FLOORING 
















———— or meen = 1 POSITION OF SPamG 
¢ maratt_Pontion c+ sree —Y | 


T 
k 
7 


Where strength and the passage of 
maximum light & ventilation 
is required... 


- OVALOCK is the ideal flooring 


The design of “OVALOCK" ensures that 
loads, either concentrated or distribu- 


ADEEST Pont Om OF pens ay ] 


ted, can be carried with an ample factor 
of safety, and what As more, it ca in be « ut 
andy poried @ tround tacles without losing 
any these adva 











A positive non-slip surface is assured by 
the traverse members being just proud ° 
of the longitudinal members and the At Bradwell, Berkeley, and Hunterston, Gensprings 
— ——_ ‘oilection tm thus formed = 
makes dirt collection impossible. Over i j safe. secure r vite ipi 
100,000 square feet of * OV ALO ao floor will provide safe, secure support of vital piping 
ing | has al ready been installed at the 

Portishead Generating Station 

The fully qualified drawing « ote staff at Gardiner 
of Bristol will be pleased to answer any questions | 
on design and installation — prompt attention is 
assured and full details will be sent on request. 








| installations. The Constant and Variable 

Gensprings, together with the Sway Brace, provide a 
fully comprehensive range for all pipe support re- 
quirements and are, of course, widely used in conven- 
tional power stations, oil refineries, chemical plants, etc. 


If you would like to know more about the new *M’ 
range, please send for full details, 


Fi GARDINER ‘VokesGenspring 


SUSPENSION SYSTEMS 


VOKES GENSPRING LTD : GUILDFORD : SURREY 


Mow.tie | VS 24 


Gardiner, Sons & Co. Ltd., Midland Works, Willway Street, St. Philip’ s, Bristol 2 
and 8 William lV Street, Strand, London W.C.2 
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SHEETS - BARS * TUBES 
STRIPS & BLANKS ‘also 
PROFILE CUTTING & 

SHEET POLISHING 


WE WILL PROFILE 
ANY SHAPE 
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the Job 
in place ? 


For REALLY efficient 
WORK CLAMPING install— 


The Newton Hydraulic Clamp Sys- 





tem ends all work holding difficul- 
ties, quickly, simply and safely. 
Cuts production times and costs 
with any shape or type of work- 
piece. Plungers can be grouped in 
numbers to suit any particular job. 
Holding pressure of from 800 Ibs. 
to 4 tons. Maximum pressure with 
smallest plungers. Easily adaptable 
to any fixture design. 


Amy TYPE OF SHAPE 








QW, ."F"Fl'’ll/evr. 


WN 


OF woRmPiece- 
STEEL -MALor- 


KAN — 


SYSTEM 


nese 


Write for fully illustrated technical booklet 
No. J3;243 


POWER JACKS 


wooo-trc 


PLUNGEAS 


LIMITED 


Maylands Avenue - Heme! Hempstead 
Telephone: Boxmoor 3800 Grams: ‘Newsorber Hemel Hempstead’ 








ROGAN Ke: 


SCAPA HOUSE - PARK ROYAL RD. 
LONDON N.W.10 








a7s 
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AIR HEATERS 


We present a selected range 
of ‘‘FLAT-FIN” AIR HEAT- 
ERS in our new Publication 
No. 185. It contains 20 pages of 
tabulated outputs, dimen- 
sions, useful information and 





notes; a copy is yours for the 
asking. With your request 
please let us have details of 
your specific requirements in 
this field. 








“FLAT-FIN” GILLED TUBE can 
be supplied in various metal com- 
binations of tube and gilling, tube 
diameter and gill pitch. Gilling 
mechanically bonded to tube with- 
out solder or other intermediary 
ensuring maximum heat transfer. 











FULL DETAILS 
AND PRICES ile 
GLADLY SENT 
ON REQUEST. 


THE STANDARD & POCHIN BROS. LTD. 


FAN ENGINEERS AND ALLIED EQUIPMENT 
DEPT. N.P., EVINGTON VALLEY ROAD, LEICESTER 
Bees  j- °- | TANG 


we 
aw 
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ENDECOTTS 
TEST SIEVES 






No Crevices to trap 
particles, frame and wire 
cloth are joined as one. 


Guaranteed 
Accurate — 
Manufactured 
under licence 
from the British Standards Institution. 


Mechanical Sieving is ideal with Endecotts Sieves—several simul- 
taneous tests are possible with intermediate receiving pans. 
British, U.S. Standards and Tyler Equivalents are , 
readily available, many other international standards 
also supplied. 


‘*ENDROCK”’ TEST SIEVE SHAKER 


saves valuable time and effort of skilled personnel, 
similar to manual motion but is more consistent 
having a regular mechanical action—a time switch 
controls the length of time for tests. 

We operate a Recovering Service—if sieving is 
important to your business, ring or write for literature 
—or for any advice you require—we'll be glad to help. 


ENDECOTTS (FILTERS) LTD 


251 Kingston Road - Merton Park « London, S.W.19 
Telephone: LiBerty 8121/2 Telegrams: ENDFILT, LONDON 
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STEEL FABRICATING 


AND 


MACHINING SPECIALISTS 


LLOYD’S CLASS Il FUSION WELDED VESSELS 
CONTRACT GUILLOTINING—96” x 3” 
HYDRAULIC FORMING & BENDING—1I50 TONS 
PLATE ROLLING—120” x 3” 

PROFILE CUTTING UP TO 6” THICK 
ARC & GAS WELDING 





* 
MACHINING CAPACITY 
UP TO 86” DIAMETER & 144” LENGTH 


OIL. WATER & ACID STORAGE TANKS 
Ex-Works & Fabricated on Site 


EXPERIMENTAL & RESEARCH CHAMBERS 
VACUUM VESSELS, PROCESSING & STORAGE 
TANKS, DUCTING, PIPEWORK 
CHIMNEYS, HANDLING EQUIPMENT 
HEAT EXCHANGERS & STRUCTURES 


. 
Enquiries invited 


= 
cRDE 


" 163 CLARENCE STREET 
KINGSTON-UPON-THAMES 


Phone Kingston 6820 & 6272 
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Davison offers FUELS IN 
TONNAGE QUANTITIES 







Davison Nuclear Reactor Materials Plant, Erwin, Tennessee. 


Shown above are a few samples of the more than 30 uranium and 
thorium products offered for sale by Davison from its Erwin plant. 
These include UO;, U;Os, and UO2 powder; uranyl nitrate and 
uranyl! sulfate, crystals or solution; uranium metal in derby, ingot, 
or rod form; thorium nitrate, oxalate and oxide powder; thorium 
metal in powder, ingot, or rod form. 

Davison can supply these products from natural uranium and 
thorium and can also perform the conversion of enriched UF, to 
oxide or metal. 

This unique plant forms a vital link between producers of uranium 
and thorium concentrates and the ultimate users of fuels in various 
types of reactors, as well as between the Government owned gas 
diffusion plants and the private users of enriched uranium. The 
concentrates as received from industrial or AEC sources are not 
suited chemically or physically for reactor operation. Davison 
processes these materials so as to supply feed materials in exactly 
the form required by each fabricator or user. 

For your convenience Davison can also handle a variety of 
scrap recovery services. 

Whatever your needs in fuels may be, direct your inquiries for all 


w.r.G RACE «co. 


DAVISON CHEMICAL DIVISION 
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Erwin, Tennessee 
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laboratory 

end runner 
mills 


Available with four mortar sizes, 
6", 10°, 15”, 20°. Mill supplied 
complete with electric motor and 
starter and with either ceramic 
or metal mortar and pestie. 


The mortars and pesties are inter- 
changeable. A ceramic set can be 
used to process material adversely 
affected by contact with metal 
and a metal set, either high grade 
cast iron or stainless iron can be 
carried as a spare set for use on 
material for which ceramic is 
unsuitable. The pesties are 
arranged to swing clear of or lift 
out of the mortars to facilitate 
emptying or cleaning. 


The model illustrated is the No.2 
mill with’a 15° diameter mortar 








Write or telephone 


were or eeprore | THE PASCALL ENGINEERING CO. LTD. 
Cie EN 321 GATWICK ROAD - CRAWLEY - SUSSEX. 
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ROLLING 
DOORS 


WITH FLAT LATHS 





Barker Steel Rolling Doors gain considerable strength from their flat lath 
design, the endlocks on alternate laths making the door secure and rigid. 
The flat laths are of steel, and are identical, replaceable or interchangeable 
in case of damage. They are rugged, neat prime painted, sherardized or 


galvanised as required ind can be fitted to the widest openings 


ALSO AVAILABLE WITH CONVENTIONAL CURVED LATHS 


Write for ful format terature to Dept A7 
sor BARKER & SONS Larne LTD. 
Unic Street, Ancoats Ma yne. COLilyhurst 2018 
London Beacon Work Straw r Vale I enhan I POPesgrove 0794 


SCOTLAND: W. J. Leonard, 51 Braemer Place, Aberdeen 


aso 


ELECTRO-MAGNETIC IMPULSE 
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ELMECO 


COUNTER 
with a NEW type Stepping Motor 


A new type of Electro-Magnetic Impulse 
c tured by Messrs. Elmeco, 
AG., of” Zurich, is now available in this 
Country. This Counter fills the gap between 
existing types of Electro-Magnetic Counter 
and the Electronic types; it can be supplied 
with Mechanical, Electro-Magnetic, or 
combined Mechanical/Electro-Magnetic 
resetting devices. 

The ELMECO Counter has 5, 6 or 7 figures 
and is powered by a stepping motor from 
which the number drums are driven by a 
unique type of plastic belt. The result is a silent 
machine capable of accurate counting at a 
sustained rate of 30 impulses per second; 
this can be increased to 50/60 impulses per 
second for limited periods, and the operating 
current is ‘ow. 


@ HIGHEST SELECTIVITY FOR IMPULSES @ LONGEST LIFE 
@ HIGHEST COUNTING RATE FOR CONTINUOUS OPERATION 
@ PRACTICALLY NOISELESS IN OPERATION @ ELASTIC DRIVE 
@ ACCOMPLISHED BY MOTOR DRIVE WITH PLASTIC BELT 


Write for particulars : 


INGLIS KNIBB & COMPANY, 
20-21 Tooks Court, Cursitor Street, 
London, E.C.4. el.: Holborn 285! 
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Automation 
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Batch 
Counting 
Unit with 
Automatic 
Reset 


@ BATCH COUNTING 
@IMPULSE COUNTING 
@ RATE COUNTING 

@ REMOTE COUNTING 


SWISS 
PRECISION MADE 
Manufactured by 


i 

i 

| 
Société des \ The SODECO range of impulse counters and impulsing 

a 

' 

‘ 


Compteurs de units provide the basic components for automation of 


Genéve. Geneva, 
Switzerland 


counting, batching, positioning and other manufactur- 


ing processes. Let us advise you on your problems. 








THE STONEBRIDGE 
ELECTRICAL CO. LTD. 


6 @ueen Anne's Gate Leadon 3.01 
Telephone: TRATaigar 1444 
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SITUATIONS VACANT 
— NORTHAMPTON 
" MATERIALS a 
Physicists with a degree in their 
T E S T | N G subject, and tempered with two 
to five years’ experience in re- 
alee search and development work 
eco, Applications are invited from Scientific and Technological staff to lead or join teams cxamining are sought by. this Company. 

this and evaluating irradiation specimens and fuel elements from nuclear reactors. Th’s field of The Id fies ~mbe a 

ween research is one that is expanding rapidly and is essential to reactor development, It covers ney wou © mem ers OF a 

inter such subjects of interest as physical metallurgy, non-destructive testing, inspection and testing laboratory team engaged in the 

plied of materials, including ceramic materials, and remote handling techniques, Long-term research application of the techniques of 
or on problems of irradiation damage is also being undertaken, The following posts are available: eds he 8 ae 
aah pe pers A a ogg =. a wide — 
(a) at senior level (b) for supporting staff of probiems, and in research on 
ures a number of interesting pro- 
irom METALLURGIST SCIENTIST jects involving the use of scin- 
by a (Ref. 2727) (Ref. 2729) ape he 
ilent a tillation counters of various 
having at least a second-class honours de- 2c alarie -nuinelv re > 
na who should be a physical metallurgist, gree, or equivatent, in Metallurgy or types. ag 9 gpa — 
per although consideration will be given to Physics. This post is suitab‘e for a young to wort , ability an : potentia 
ating Physicists or Engineers who have metallur- graduate. recognized. The special oppor- 
gical experience. Applicants should be cor- Salary between £645 and £1,120 according to tunities for advancement in this 
porate members of a_ senior professional qualifications and experience. field are well known, our par- 
era age . equivalent -_ —_ a EXPERIMENTALISTS ticular conditions are good and 
— ee ee Se (Ref, 2730) in the first flight of spring- 
technologists on related problems and in boards. Applicatio Person- 
working closely with plant management. having G.C.E., or equivalent, in at least oards. Applications to Person 
five subjects, including two at Advanced nel Department, 
Salary between £1,790 and £2,080 according Level in Science or Mathematics. Appli- 
o alifi s and experience, cants should have had relevant experience a 
Ae, oe tees eae and for the higher posts should normally Plessey Nucleonics Ltd., 
° be at least 26 years of age. . 
265! SENIOR EXPERIMENTALIST Salary between £990 and £1,215 or £395 Weedon Road, 
(Ref. 2728) (at age 18) and £855 according to qualifi- 

a a. a0 cations and experience. Northampton 
who should have wide metallurgical of SCIENTIFIC ASSISTANTS 
engineering experience and have H.S.C., or (Ref, 2731) 
cquivalent with Mathematics or a Science with G.C.E., or equivalent, in at least four 
subject as a princ.pal subject. Applicants subjects including English Language and a THE ATOMIC ENERGY 
should be capable of organizing laboratories mathematical or science subject and should ESTABLISHMENT, 
and staff and be able to correlate new tech- have had considerab!e experience in a 
niques of examination. metallurgical laboratory, Normal minimum WINFRITH, DORSET 

age 27 years. ° 
Salary between £1,360 and £1,630 according Salary between £785 and £1,050 according requires an 
to qualifications and experience. to qualifications and experience. 
INFORMATION 

There is a staff housing scheme. Alternatively hostel accommodation may be available. These 

“ posts are superannuable. OFFICER 

. Send postcard for application form, quoting appropriate reference to Establishments Officer, His duties would be primarily 

oO : ; \ 

in UNITED KINGDOM ATOMIC ENERGY AUTHORITY = = egg ggg on a 

5 snou ave e ability oO 
b INDUSTRIAL GROUP acquire a wide overall grasp 
D.E.R.E., DOUNREAY, THURSO, CAITHNESS, SCOTLAND of reactor technology and to 

keep up with advances in the 

CLOSING DATE: Ist DECEMBER, 1958 subject so that he can provide 

literature surveys and _ assess- 

ment reports. He would work 

. in collaboration with the Tech- 

PLESSEY NUCLEONICS LTD., NORTHAMPTON aaah "Glen ies ha 

) H: I] s~hose »rvice > 

: 7 arwell, whose services’ he 

ic LABORATORY TECHNICIAN would use, and would control 

the information services in the 
A Laboratory Technician with two to five years’ experience on aed Division. 4} 

. sats : ld Sations e a goo »n- 
development of radiation detectors for the nuclear energy industry, — ‘case io iaathesntace 
should investigate an opportunity with this Company. We have a Physics, Chemistry or Engin- 
vacancy for which a knowledge of light engineering and general cering and some years of suit- 
physics laboratory practice including high vacuum techniques, is yo age graduate —_— 

; . “ti © ays ati P , ‘ ADLLITY ) repare reports 1S 
desirable. Construction and evaluation of new types of detector, ae pooper a 
and the development of new techniques of construction are also both of reactors and of technical 

i involved. H.N.C. (Min.). Good working conditions. Canteen faci- information work would be 

d lities. Pension Scheme. Salary will please successful applicant. useful, but is not essential as 

r. training could be provided. 

. ‘ Salary £1,215—£1,425 p.a 

Write Personnel Dept. (L.T. magne Mote — 

opt. (LT), Send POST CARD for Appli- 

Plessey Nucleonics Ltd., cation form to Group Re- 

Weedon Road, cruitment Officer (W38/202), 
Neuthinigten U.KAEA, AERE, 
Harwell, Didcot, Berks. 
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CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES :— 1 insertion 40/- per single col. inch 
6 insertions 38/- per single col. inch 
12 insertions 36/- 
4/- per line. 
1/- extra will be charged 


LINEAGE ANNOUNCEMENT RATES :— 
BOX Nos. :— 
COPY DATE :— 


per single col. inch 
5%, discount 6 insertions, 10%, discount 12 insertions 


Advertisements for January issue to be received not later than December 16. 








SITUATIONS VACANT (Continued) 





ENGINEER (SENIOR GRADE) 


required by the 


ATOMIC WEAPONS RESEARCH ESTABLISHMENT 
ALDERMASTON, BERKS 


fo be responsible for the installation of nuclear research facilities associated with the opera- 
tion of a 5S MW Light Water Moderated Research Reactor and the construction and assembly 
of experimental rigs including the necessary engineering services, To assist with the supervision 
of construction and the commis ioning of the reactor, and design and installation of future 
modifications. 

A recognised engineering 


apprent.ceship and Corporate Membership of the Institution of 
Mechanical or Electrical 


Engineers required. An Honours Degree would be an advantage. 
Candidates must have had prev.ous experience on commissioning and operation of research 
reactors and be familiar with the engineering problems associated with reactor experimental 
rigs and facilities and their maintenance. 


SALARY: £1,790-—-£2,080. 
Contributory Superannuation scheme. A modern house with garage or alternatively substantial 


assistance with house purchase will become available for married officers living beyond daily 
travelling distance. 


POSTCARDS for 
Please quote Ref 


application forms to the 
2084 / 202 


Senior Recruitment Officer at the above address 








A.E.R.E. HARWELL 
GRADUATE MATHEMATICIANS 


are required for work on the numerical analysis and programming 
of a wide range of problems in mathematical physics. Computing 
machines available include a Ferranti ‘ Mercury,’ 1.B.M. 704 and 
B.P.M. 555 electronic calculator. 


There are vacancies in the Scientific Officer class (a first or good 
second honours degree required) at salaries up to £1425 and in 
the Experimental Officer class at salaries between £520 and £1215. 


Please send a postcard to the Group Recruitment Officer (1261 
202), U.K.A.E.A.. Atomic Energy Research Establishment, 
Harwell, Berks, for further details of these opportunities. 








COURSES 





AEI-JOHN THOMPSON NUCLEAR ENERGY 





COMPANY, LIMITED, RADBROKE HALI ; 
KNUTSFORD, CHES.—A PHYSICIST is re- AUTOMATION 

quired by the above company to work on 

advanced reactor problems arising from = Authoratative courses are now 


development of 
Power Reactors 
to either a theoretical physicist or a physicist 
with 
experience in either Nuclear or Atomic Physics 


gas-cooled or other forms 


This post is particularly suited available in Digital and Ana- 


logue Computor Technology, 
| Applied Electronics, Data Pro- 


strong mathematical Iicanings Research 


would be an additional advantage, but is not cessing and Instrumentation up 
essential. The successful candidate will, however to professional level by home 
be required to have an alert and enquiring study. Individual enrolment or 
mind and an ability to apply himself to un- 


familiar problems, Comput.ng and other services ; | 
are 
tion of original work is encouraged 
tion 
| contributory 
Apply in writing, 





industrial group scheme enrol- 
ments accepted, Syllabuses and 
prospectus sent on _ request. 
British Institute of Engineering 
Technology (Dept. No. 4), 


provided on a generous scale and publica- | 
The posi- 
staff appointment and a 
scheme is in operation 
giving details of age, experi- 


‘is a4 permanent 


pension 


ence, and present salary (which will be treated | College House Kensington 
in strict confidence) to the Chief Engineer, quot- | Ws ’ ’ 
“ DW ‘ 


ing reference 


ag? 











EKCO ELECTRONICS LTD., 


offer an opportunity on the 
Sales side of their rapidly ex- 
panding industry for a progres- 
sive man, with some knowledge 
of Physics or Chemistry. After 
a period of training, applicants 
will be employed to contact 
hospitals, universities, research 
laboratories and industrial con- 
cerns, to discuss nucleonic 
applications. The post will have 
the backing of widely experi- 
enced technical staff. Appli- 
cants should have good person- 
ality and address. Write giving 
details of education, experi- 
ence, age and salary required 
to Personnel Manager, 
Southend-on-Sea. 








SITUATIONS WANTED 





YOU CAN IMPROVE YOUR 


ADVERTISING 
and publicity if you talk it 
over with a _ technical adver- 


tising specialist of more than 
twenty years’ experience as 
publicity manager of well-known 
companies in the engineering 
field. Now acting as free-lance 
consultant, he is available to 
help you in an advisory or ‘do 
the whole job’ capacity for an 
agreed fee. Ability, understand- 
ing and integrity will be given 
to any short or long term 
assignments on any branch of 
publicity work. For confiden- 
tial discussion, write to Box 
No. NP/201. 





COURSES (Continued) 





U.K.A.E.A. 
Harwell Reactor School 


The next Standard Course on 
which places are _ available 
commences on February 16, 
1959, and ends on June 12, 
1959. The following course will 
commence on August 31, 1959. 
and end on December 22, 1959. 
The fee for each course is £250 
exclusive of accommodation. 
Application forms and further 
details can be had from :— 
The Principal, 
Reactor School, 
Atomic Energy Research 
Establishment, 
Harwell, Didcot, 
Berkshire 
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CAPACITY AVAILABLE 








PRESSINGS IN ALL 
METALS 
up to 60 tons 


Press tools 
our own 
assemblies :— 


manufactured in 
toolroom. Light 





Domestic, Electrical and Mech- 
anical. All finishes, A.I.D, and 
A.R.B. approved. Advice and 
estimates given free. 





Inquiries to: 
METAL COMPONENTS LTD. 
DOLPHIN ROAD, 
SHOREHAM-BY-SEA, Sussex 


Telephone : 
Shoreham-by-Sea 2224-5 














PRECISION TURNED PARTS 


(All Materials) 
Aj.D., A.R.B., CLA. and 1.F.V. approved. 


AYLESBURY TURNED PARTS 
(True Screws) LIMITED 


Britannia Works, Britannia St., Aylesbury, 
Bucks. Tel.: Aylesbury 2424 (3 lines). 








CAPACITY AVAILABLE (contd.) 





ALPHAMIN LIMITED.—A complete 

design and fabrication service avail- 
able for all types of aluminium and steel 
fabrication including welding by Argon- 
arc process. We have considerable 
design experience and would welcome 
your enquiries. 4 Dunston Street, 
Kingsland Road, London, E.8. Phone 
CLIssold 4161. 





F,LECTROPOLISHING —specialists in 

electro-polishing of all sizes of stain- 
less steel fabrications at greatly reduced 
cost compared with mechanical polishing. 
Fully approved for Atomic Energy work. 
Electropol Processing Ltd., Trading 
Estate, Farnham, Surrey. 





METAL SPINNINGS to requirements. 
AID approved. Martin-Golod Ltd, May- 
bury Gardens, NW10. WILlesden 3888. 








Telephone your classified 


advertisement to 


MUSEUM 8252 





MODELS 
MODELS for planning 
MODELS for prestige 
MODELS for instruction 
MODELS for experimenting 
MODELS can save wear and 
tear amongst personnel and 
thousands of pounds worth of 
time and material. 
MODELS can be an invaluable 
aid to sales staff. 
RICHARD DENDY & ASSO- 
CIATES of 4, 5 & 6 Seaton 
Place, Hampstead Road, Lon- 
don N.W.1. EUSton 7617 are 
makers of fine MODELS and 
invite your enquiries. 





BUSINESS OPPORTUNITIES 




















MEASURING EQUIPMENT 


Small group of companies 
establishing itself in nuclear 
field wishes to absorb company 
making nuclear measuring 


equipment whose management 
can remain to assist in group 
development. Factory 
available. 
Write Box OC/40, 
c/o 95 Bishopsgate, 
London, E.C.2. 


space 
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STAINLESS TUBES & FLANGES 
We offer in approved grades of Stainless Steel 

FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Delivery 


> > OF OF OF 


Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. ’phone 1522/23. 
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JANUARY — DECEMBER 


ARTICLES 
AEA 4th annual report 397 
AElL Aldermaston laboratories 121 
APPR fuel elements 110 
Atoms for peace exhibition preview 415 
Bellows expansion joints—Engineering Appli- 
ances Ltd 607 
Beryllium fabrication—Tube Investments Lid 559 
Beryllium handling 112 
Beryllium monitoring 549 
Boron steel for control rods—Hadfields Ltd 330 
Bradwell—Goliath crane in action 234 
Brazing BSD tubing—Delapena & Sons Lid 504 
Britain’s power goal 402 
British export research reactors—spec.fications 410 
British power stations—progress illustrated 404 
British power stations—specifications 408 
Brussels fair 280 
Chapelcross—special issue July 
Chapelcross—industry’s contribution 313 
Chapelcross power station 304 


Chemical & Petroleum Engineering Exhibition 282 


Corrosion and heat resisting steel fabrication 222 
Creep testing—General Electric Co Ltd 75 
Data-handling system for Capenhurst——Sunvic 

Lid 435 
D.C. amplifiers for reactors 275 
Demonstration radiation monitor 129 
Dounreay fabrication problems 359 
Dust cyclones, miniature 30 
Electrical process control 98 
Electrolytic polishing—Electropol Processing 

Lid 369 
Euratom prospects 17 
Fast neutron monitor—portable 187 
Fission product precipitators—Dowty Nucle- 


onics Ltd 119 


Fleck committee no 2—report 7 
Fluid density measurements by gamma radia- 

tion 328 
Flux distribution measurement in power 

reactors 171 
Fuel reprocessing 69 
Future of atomic energy 401 
Future for nuclear power S80 
Gas ionization neutron detectors 160 
GEC nuclear research facilities 236 


Geneva Conference—1958 special issues 
September, October, November 


Geneva Conference 


Advance information 374 
Chemical engineering developments 490 
Conference highlights 468 
Controlled thermonuclear fus.on 486 
Discussion—Boiling water reactors $53 
Future of the gas-cooled reactor 483 

Economic aspects 541 
Exhibition preview 415 
Isotope application 496 
Metallurgical aspects 477 
Nuclear ship propulsion $35, 588 
Nucleonic instrumentat.on 499 
Power reactors 471 
Reactor physics 494 
Research and test reactors 546 
Graphite structure at Calder Hall 58 
Heat exchangers, manufacture of 213 


Heat extraction in power reactors 


266, 323, 363, 439 


Hot test loop, dismantling 108 
Hunterston construction 368 
Industrial irradiation facility—-Metropolitan- 
Vickers Electrical Co Ltd 331 
Industry’s achievement 403 
Instrumentation—special issue April 
Instruments, Electronics and Automation 
Exhibition 180 
Instrumentation trends in nuclear stations 157 


International symposium on nuclear electronics 530 
Isolating valves, gas--James Gordon & Co Ltd 284 


Italy and Britain 406 
Lathe for Dounreay—-J. Evans & Son (Ports- 
mouth) Ltd 285 
Liquid metal systems, mass transfer in 53, 101 
Liquid scintillation counting 585 
Magnetic memory scaling system 186 
Nondestructive testing for nuclear plant 224 
Nuclear heat utilization symposium 64 
Nucleonic thickness gauging——-Baldwin Instru- 
ment Co Ltd 29 
OEEC reactor survey 377 
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Physical instrumentation of a nuclear power 
station 

Physical Society Exhibition 

Pressure vessels, manufacture of 


Printed circuits 
Pulse analysers, automatic read-out system for 
Radioactive metals laboratory—Metropolitan- 
Vickers Electrical Co Ltd 
Reactor instrumentation systems 
Reactor test loops—Introduction 
Design factors 
Testing and commissioning 
Obtain:ng the results 
Reactor simulator—English Electric Co Ltd 
Remote handling equipment—J. Evans & Son 
(Portsmouth) Lid 
Rolling mill for French CEA—Albert Mann's 
Eng Co 
Scaling and coincidence circuits 
Scintillation neutron counters 
Ships—an authoritative British 
Silicon transistor manufacture 
ments Ltd 
Simulator, power reactor 
Sydney Symposium 
Felemetering systems for power reactors 
Telemetering systems—buyers guide 
Titanium for chemical plant—Imperial Chemi- 
cal Industries Ltd 
Tube cleaning equipment—Vacu-Blast Lid 
Turbomachines for nuclear plants 
Uranium ore reduction 
Vacuum welding by electron beam 
Valves from Palatine Tool & Engineering (Sur- 
biton) Lid 
Welding—special issue 
Welding aluminium and its alloys 
Welding boom for Hunterston heat exchangers 
Welding industry—buyers guide 
Welding, low temperature—Eutectic 
Co Ltd 
Welding magnesium alloys 
Welding problems in nuclear energy 
Welding techniques for the rarer metals 
Why Japan chose British 
Wigner release at Harwell 
Windscale—3rd report 2 
ZETA 50, 
ZETA oscilloscope—A,. E, Cawkell 
Zirconium production—William Jessop & Sons 
Lid 
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This Hayward Tyler Glandless Motor Pump Unit 
is installed in a test rig at Cambridge University 
for a series of experiments sponsored by the Water- 
Tube Boilermakers Association. The project involves 
a study of the flow conditions of a steam-water 
mixture at system pressures of from 250 to 3000 
PSIG. 
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